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GENERAL INTRODUCTION 
The glucosyltransferases of Leuconostoc and Streptococcus bacteria 
synthesize glucahs, using sucrose as a glucosyl donor^ '2. The glucans 
vary widely in their structures and properties and have found some com­
mercial applications^ . Although the main reason for much of the research 
on these glucans is the fact that they play a major role in dental caries 
formation'''^ , from a more academic standpoint, the fact that these gluco­
syltransferases are related, easily obtained, and utilize a relatively 
cheap substrate, sucrose, has made them a good model for the study of 
polysaccharide synthesis^ "!^ . 
It was initially assumed that dextran synthesis occurred at the non-
reducing end of a growing polysaccharide^ "^ . Ebert and Schenk^  challenged 
this mechanism and proposed a reducing end model. Since then experimental 
evidence has shown that reducing end synthesis does occur^ ,^!!^  and a 
mechanism has been proposed for this reaction^ ®"^ ,^ while there is strong 
evidence for the reducing end synthesis of glucans by these enzymes, there 
is also considerable evidence for the addition of glucosyl residues to the 
non-reducing end of oligosaccharides^ "^!^ , and therefore presumptively to 
the end of polysaccharides. Of the two models for synthesis, only the 
model proposed by Robyt, Kimble, and Walseth^ ® can incorporate both the 
non-reducing and reducing end synthesis data. In this model, during syn­
thesis, the enzyme has both a glucosyl and a glucanosyl group covalently 
attached in the B configuration to nucleophiles at the active site. 
During polymerization a hydroxyl on the glucosyl residue (in dextran 
synthesizing enzymes this would be the C-6 hydroxyl) acts as a nucleophile 
displacing the glucanosyl chain from the enzyme nucleophile forming an 
a{l-*6) glycosidic linkage. Sucrose can then come in and the free nucleo­
phile on the enzyme can become glucosylated, releasing fructose and giving 
back an enzyme with both a glucanosyl and a glucosyl residue covalently 
attached to it. This process can be repeated any number of times and 
corresponds to reducing end synthesis. Non-reducing end synthesis comes 
about when an acceptor molecule comes in to the active site and displaces 
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either the glucanosyl or the glucosyl residue from the enzyme forming a 
glycosidic linkage^ '^ "^ .^ The acceptor can be a monosaccharide or higher 
oligomers up to high molecular weight polysaccharides^ ,^17-20_ when the 
acceptor molecule is a small oligosaccharide, one usually obtains a linear 
series of acceptor products containing a(l-»6) linkages although with some 
enzymes other linkages are present^ '^^ l,22^  In contrast, when dextran is 
used as an acceptor, one obtains glucosyl and glucanosyl transfer along 
the polymer backbone^ '^20, giving branching rather than elongation or syn­
thesis from the non-reducing terminus. 
The research described in this dissertation has been carried out to 
develop various alternate glycosyl donors and inhibitors of these enzymes 
which can be used to develop a clearer picture of the enzymes' two differ­
ent reaction mechanisms and in the future development of anti-dental-
caries agents. 
Explanation of Dissertation Format 
The experimental work described in this dissertation is presented in 
six sections, each of which has been either published or submitted for 
publication as an individual paper in a scientific journal. In Sections 
I, III, IV, V, and VI, the work was done by myself under the guidance of 
Dr. John F. Robyt. In Section II the experiments on L. wesenteroides NRRL 
B-512F dextransucrase were performed by myself, while those with the 
S. mutans glucosyltransferases were carried out by Gregory Cote. 
# 
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LITERATURE REVIEW 
The glucans produced by Streptococcus and Leuconostoc bacteria first 
became commercially important because they clogged the filters used in the 
wine and beet sugar industries in the raid-1800s. A search for the origin 
of this carbohydrate slime did not yield results until this century when 
it was shown that dextran was produced by the action of certain strains of 
Leuconostoc and Streptococcus bacteria on sucrose23r24^  During the 1940s 
Hehre^ '8 and Hehre and Sugg'' were able to develop procedures for obtaining 
cell-free extracts that contained the glucosyltransferases. Since that 
time, numerous studies have been carried out to determine the mechanism of 
these glucosyltransferases using alternate substrates. These studies, 
which will be discussed below, can be grouped into two subsets: (1) glyco-
syl donor studies, and (2) acceptor studies. 
Glycosyl Donor Studies 
Most of the early work in this area was carried out with naturally 
occurring sucrose derivatives such as raffinose, melizitose, planteose and 
theanderose along with a few which were enzymatically synthesized^ '^25-27, 
None of these were found to act as a glycosyl donor, leading to the con­
clusion that the glucosyltransferases were highly specific for sucrose^ .^ 
Later, it was found that 0-6-D-galactopyranosyl-(l-*4)-6-D-fructofuranosyl 
a-D-glucopyranoside^ S and a-D-glucopyranosyl-a-L-sorbofuranoside^  ^were 
able to act as glucosyl donors which indicated that some modification on 
the fructosyl residue was possible. 
Genghof and Hehre^ ® took the idea that the enzyme would allow some 
modification of the fructosyl residue to an extreme when they demonstrated 
the fact that a-D-glucopyranosyl fluoride was a substrate for dextran-
sucrase from L. wesenteroides with a similar to that of sucrose. 
Later work by others confirmed that it was also a substrate for strepto­
coccal glucosyltransferases^ .^ Because glycosyl fluorides are relatively 
easy to synthesize, several have been synthesized using commercially 
available monosaccharides and tested as substrates and or inhibitors for 
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Streptococcal glucosyltransferases l^'32_ These studies showed that only 
Q-D-glucosyl fluoride would act as a substrate and that most of the 
a-glycosyl fluorides were competitive inhibitors while their B counter­
parts were non-competitive. 
As selective methods of modifying sucrose were developed33-37^  other 
researchers prepared sucrose derivatives to test as substrates for gluco-
syltransferases. One of the earliest such studies was done with a mixture 
of monomethylsucrose derivatives which were found to not act as glucosyl 
donors^ S. two different groups have used 5, 6'-dideoxysucrose and found 
it to be39 and not to be^ l an inhibitor of different glucosyltransferases. 
6,6'-dibromo-6,6'-dideoxysucrose inhibited dextransucrase in a mixed 
fashion^ .^ A series of amino sugars has been tested including 6,6'-di-
amino-6,6'-dideoxysucrose (uncompetitive), 6'-amino-6'-deoxysucrose (non­
competitive), and 6-amino-6-deoxysucrose (competitive)^ ®. None of the 
above sucrose analogs were reported to have acted as glycosyl donors for 
the glucosyltransferases they were tested with. 
Acceptor Studies 
Initially, the results obtained with glucosyltransferases synthesized 
by Leuconostoc and Streptococcus bacteria indicated that their method of 
polysaccharide synthesis might be similar to that of phosphorylases^^''^2^ 
the enzymes that were initially thought to be responsible for the synthe­
sis of starch and glycogen. In the phosphorylase system, the glucosyl 
moiety of glucose-l-phosphate is transferred to the non-reducing end of 
the growing polysaccharide (primer). Although early work with a glucosyl­
transf erase synthesized by L. mesenteroides indicated that a primer was 
not required^ ,^ the fact that glucosyltransferases were able to transfer 
glucosyl residues from sucrose to the non-reducing end of appropriate 
acceptor moleculesindicated that such a mechanism was possible. 
Addition of low molecular weight dextran and oligosaccharides was also 
reported to decrease the amount of high molecular weight dextran and 
increase the amount of intermediate molecular weight dextran produced by 
acting as acceptors, and it was presumed that non-reducing ends of the 
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added acceptors were competing with the main chain of native dextran for 
glycosyl residues from the enzyme and therefore accounted fqr lower 
molecular weight dextran that was being produced^ ,^44 _ Many other studies 
on the acceptor specificity of various glucosyltransferases were 
done2'^ 4,31,45-48, of those acceptors studied, only fructose, leucrose 
and melibiose were shown to inhibit the enzymes while most of the others 
either did not inhibit or activated them to some extent. More recently, 
Robyt and Eklund^  ^studied the distribution of products produced from 
sucrose and a series of mono- and disaccharide acceptors and determined 
the relative effectiveness of the acceptors to receive a glucosyl residue. 
A kinetic analysis of low molecular weight sugar acceptors for S. sanguis 
dextransucrase has been done by Mayer et al.50 with the determination of 
the Kjjj values for several saccharide acceptors. 
Since most of the acceptor reactions studied only showed the pro­
duction of a-(1+6) linkages, and other linkages have been shown to be 
formed when dextran is added as the acceptor^ ,^19,20^  Walker designed an 
experiment to determine just how large an oligosaccharide had to be before 
one observed a significant amount of a-(l->-3) branching in acceptor 
reactions^ .^ The results showed that with isomaltodextrins with a degree 
of polymerization greater than seven as acceptors, one observed the 
formation of a-(l-+3) branch linkages as well as the normal non-reducing 
terminus a(1-^ 6) linked acceptor products. 
The reversal of acceptor reactions, disproportionation, has been 
reported52,53^  although at the time it was not certain whether the ob­
served reaction was caused by the glucosyltransferases or by a contam­
inating enzyme. A similar report, although in this case it was thought 
that the substrate specificity of the enzyme had been modified by heat 
treatment, was given by Neely^ .^ Finally, there has been a report of the 
presence of a branching factor with the enzyme, although the results seem 
to indicate that disproportionation was all that was being observed^ .^ 
The last acceptor to be discussed, fructose, is a special case since 
it is also a product of the enzyme's action on sucrose. When sucrose is 
incubated with glucosyltransferases in the presence of fructose, two 
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terminal acceptor products are usually obtained; the major product is 
leucrose [0-a-D-glucopyranosyl-{l->5)-D-fructopyranose] and the minor 
product, isomaltulose [0-a-D-glucopyranosyl-{l->6)-D-fructofuranose]56. on 
a shorter time scale using radioactive fructose, it has been observed that 
a rapid exchange of the fructosyl moiety of sucrose occurs30f50,57. The 
fact that this occurs would explain why fructose has been observed to 
inhibit the enzyme^ .^ 
A more detailed study of acceptor reactions by Robyt and Walseth^  ^
has determined the exact role that acceptor reactions play in polymer 
formation by these enzymes. Using acceptors and sucrose that were radio-
isotopically labeled, it was shown that both glucosyl and glucanosyl 
groups were transferred to the non-reducing end of the acceptors. These 
results indicate that acceptor reactions serve mainly to terminate polym­
erization of dextran by displacing the growing glucan or glucosyl inter­
mediate from the active site of the enzyme and, therefore, do not serve as 
primers for dextran polymerization as had been previously thought13,44_ 
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SECTION I 
PARA-NITROPHENYL-a-D-GLUCOPYRANOSIDE, 
A NEW SUBSTRATE FOR GLUCANSUCRASES 
Thomas P. Binder and John F. Robyt 
Department of Biochemistry and Biophysics 
Iowa State University, Ames, lA 50011 
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ABSTRACT 
p-Nitrophenyl-a-D-glucopyranoside has been shown to be a substrate 
for the glucansucrases of various strains of Leuconostoc mesenteroides and 
Streptoccus mutans. The products from a digest of p-nitrophenyl-a-D-glu-
copyranoside with L. mesenteroides B-512F dextransucrase were found to 
include both dextran and a series of p-nitrophenyl isomaltodextrins and 
p-nitrophenyl nigeroside. The kinetics of the reaction were non-Michae-
lis-Menten, possibly because p-nitrophenyl-a-D-glucopyranoside has a dual 
role in the reaction as both a D-glucosyl donor and acceptor. 
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INTRODUCTION 
The glucansucrases produced by several species and strains of Leuco-
nostoc and Streptococcus synthesize D-glucans, utilizing sucrose as a high 
energy D-glucosyl donor. Earlier work has shown that glucansucrases will 
also polymerize the D-glucosyl units from a-D-glucopyranosyl-a-L-sorbo-
furanoside^ , 0-B-D-galactopyranosyl-(1-+4)-0-6-D-fructofuranosyl-
(2-»l)-a-D-glucopyranoside (lactulosucrose)^ , and from a-D-glucopyranosyl 
fluoride^ . All three have an a-D-glucosldic linkage of similar or higher 
energy than that of sucrose. 
While looking for a possible inhibitor of the dextransucrase produced 
by Leuconostoc wesenteroides B-512F, it was found that p-nitrophenyl-
û-D-glucopyranoside (PNPG) was hydrolyzed by this enzyme. In order to 
determine whether this hydrolysis was caused by a contaminating activity 
or by the dextransucrase, the products of the reaction were isolated and 
identified. PNPG incubated with B-512F dextransucrase gave acceptor 
products similar to those produced when the enzyme was incubated with 
sucrose and an appropriate acceptor^ and a high molecular weight 
D-glucose polymer which was shown to be identical to B-512F dextran by 
both 13(3 n.m.r. and dextranase hydrolysis. 
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MATERIALS AND METHODS 
Enzymes 
Leuconostoc mesenteroides B-512F dextransucrase was obtained from 
culture supernatant fluid, which was concentrated, treated with dextranase 
to remove exogenous dextran, and chromatographed on DEAE-cellulose^ . 
L. mesenteroides B-742 mixed glucansucrases were obtained directly 
from culture supernatant fluid, which was dialyzed and concentrated^ . 
L. mesenteroides B-1355 altemansucrase was prepared and separated 
from other glucansucrases by the method of Cote and Robyt®. 
Streptococcus nutans 6715 was grown on the medium described by Ciardi 
et al.^ . After removal of cells and concentration using a Millipore Bel­
li con filtration system, the glucansucrases were eluted from a Bio-Gel 
A-15m column^ ®. The two glucansucrases were separated by ion exchange 
chromatography on DEAE-cellulose^  ^in 20 mM, pH 6.8, sodium phosphate buf­
fer containing 0.02% sodium azide, using a gradient of 0 to 0.2 M sodium 
chloride. Further purification of the glucansucrases was accomplished by 
a second ion exchange chromatography step^  ^using DEAE-Bio-Gel A with the 
same phosphate buffer and a 0 to 0.2 M sodium chloride gradient. The 
glucosyltransferase which produces soluble polysaccharide (GTF-S) was then 
dialyzed and concentrated by filtration on an Amicon XM-100 membrane. The 
enzyme responsible for synthesis of insoluble polysaccharide (GTF-I) was 
taken through a Sephadex G-50 affinity chromatography step^ .^ 
Glucansucrase activity was determined by a radiochemical assay using 
[U]-l^ C-sucrose^ 3 and is given in International Units, lU, which is umoles 
of D-glucose incorporated per minute into glucan at pH 5.2 and 25°C except 
for GTF-S and GTF-I which were assayed at 37° in buffer containing 
3.3 mg/mL T-10 dextran. Exo-isomaltodextranase was prepared from Arthro-
bacter globiformis T-6 by the method of Sawai et 
Dextranase was obtained from Sigma Chemical Co., St. Louis, MO and 
is an endodextranase produced by a strain of Pénicillium funiculosum. 
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Carbohydrates 
[U]-l^ C-sucrose was obtained from New England Nuclear, Boston, MA. 
p-Nitrophenyl-a-D-glucopyranoside (PNPG) was obtained from Sigma Chemical 
Co. Isomaltooligosaccharides were prepared by partial acid hydrolysis of 
commercial B-512F dextran (Sigma Chem. Co.): fifteen grams of dextran were 
dissolved in 500 mL of 0.3 M trifluoroacetic acid and heated on a steam 
bath for two hours. Nigerose was prepared by acetolysis of L. mesenter-
oides B-1355 glucan-S (alteman)^  ^ and purified by silica gel chromatog­
raphy. [C-6]-3H-p-Nitrophenyl-a-D-glucopyranoside was prepared by a 
method similar to that used for cyclodextrins by Weselake and Hill^ .^ 
Other sugars were obtained commercially. 
Chromatography 
Thin layer chromatography (t.l.c.) was performed on Whatman K5F 0.25 
mm silica gel plates (Whatman Chemical Separations, Inc., Clifton, NJ). 
T.l.c. plates were developed in one of the following solvent systems: (A) 
4:1:3:2 (v/v/v/v) acetonitrile-nitroethane-ethanol-water; or (B) 85:15 
(v/v) acetonitrile-water. Detection was by both u.v. fluorescence 
quenching and charring by spraying with 20% sulfuric acid in methanol 
followed by heating for 10 minutes at 110°. 
The Bio-Gel P-30 column (2.5 x 75 cm) was eluted with water and 
4.2 mL fractions were collected; the Bio-Gel A-1.5ra column (1 x 30 cm) was 
eluted with water and 0.90 mL fractions were collected. 
High performance liquid chromatography (h.p.l.c.) was performed on a 
Waters Associates model ALC/GPC-201 liquid chromatograph using a Whatman 
Partisil M9/50 polar amino cyano column. Solvent systems were either 9:1 
or 4:1 (v/v) acetonitrile-water with a flow rate of 4 mL/min. Detection 
was by both refractive index and u.v. absorbance at 300 nm. 
Enzyme Digest Conditions 
All digests were in 20 mM, pH 5.2, pyridine-acetic acid buffer, 2 mM 
calcium chloride, 0.01% sodium azide, 0.1% Tween 80, and at 25°C unless 
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stated otherwise. 
. Preparation and Characterization of PNPG Products 
B-512F dextransucrase (0.1 mL, 2 lU) was added to 1 mL of 33.0 mM 
PNPG in buffer. T.l.c. plates were spotted with 25 yL of the digest at 4 
hour intervals for 44 hours and then at 8 hour intervals for a total of 
146 hours. The t.l.c. plates were developed with one ascent in solvent A. 
A second digest containing 5 mL of 20 mM PNPG in buffer was treated 
with 0.5 mL of B-512F dextransucrase, 20 lU/mL, for seven days at 30°C, 
then evaporated to 2 mL and applied to a Bio-Gel P-30 column. Each 
fraction was analyzed for total carbohydrate by the phenol-sulfuric acid 
methodic, as well as for the presence of the p-nitrophenyl moiety by 
absorbance measurements at 300 nm. The void volume fractions were applied 
to the Bio-Gel A-1.5m column and each fraction was again analyzed for 
total carbohydrate. 
A third digest contained 25 mL of 31 mM PNPG in buffer, to which 
40 yL of B-512F dextransucrase (125 lU/mL) was added; it was allowed to 
react for 5 days at 25°C. The dextran formed was precipitated with 2 
volumes of ethanol and then centrifuged. The supernatant fluid was con­
centrated to 1 mL and placed in a Bioanalytical Systems filtering centri­
fuge tube and centrifuged through a 0.45 yra pore size aqueous membrane. 
The low molecular weight products in the filtrate were separated by 
h.p.l.c. The precipitated dextran was dissolved in 2 mL of water, and was 
eluted in the void volume of a Bio-Gel P-30 column; it was again precipi­
tated with 2 volumes of ethanol and dried to yield 40 mg of dextran. 
The products isolated by h.p.l.c. were evaporated to dryness and each 
was redissolved in 0.5 mL of buffer; aliquots (100 yL) were treated with 
exo-isomaltodextranasel'^' ^ G-20 g-t 30°c and the hydrolysis products were 
examined by t.l.c. with one ascent of solvent A. Partial acid hydrolysis 
of the acceptor product not susceptible to the exo-isomaltodextranase was 
carried out by treating 0.2 mL with 0.8 mL of 0.4 M trifluoroacetic acid, 
at 90°C for 40 minutes in a sealed vial that had been flushed with 
nitrogen; the reaction mixture was lyophilized and dissolved in 0.1 mL of 
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water. The products were analyzed by t.l.c. using three ascents of 
solvent B. 
The dextran (40 mg) was dissolved in 2 raL of deuterium oxide and the 
^^ c-n.ra.r. spectrum was determined using a JEOL FX90Q l^ C-n.m.r. spectrom­
eter in the Fourier-transform, proton-decoupled mode at 22.5 MHz and 80°C. 
An aliquot of the dextran in buffer was also treated with dextranase, and 
the hydrolysis was followed by t.l.c. using two ascents in solvent A. 
Reaction Kinetics 
One mL volume of a series of concentrations of [C-6]-3h-PNPG in 
buffer, ranging from 12 to 31 mM, was added to 0.1 mL of B-512F dextran-
sucrase (20 lU/mL). Aliquots were removed at various times for determin­
ing p-nitrophenol and dextran formation. para-Nitrophenol was determined 
by adding 50 pL of the digest to 2.5 mL of 0.5 M sodium carbonate and 
measuring the absorbance at 415 nm^ l; dextran formation was determined by 
spotting 40 uL of the enzyme digest onto a 1.5 x 1.5 cm Whatman 3MM paper 
square, which was washed 5 times with methanol, followed by liquid scin­
tillation countingl^ . The velocity of a 28 mM [U]-l^ C-sucrose digest was 
also determined by measuring ^ '^ C-dextran formation using one-tenth as much 
B-512F dextransucrase. 
Because ^ h-PNPG was quenched more in heterogeneous counting than 
dextran, the extra quenching factor was determined by counting standard 
aliquots of ^ H-PNPG and ^ H-dextran on paper squares in toluene cocktail, 
and in solution in dioxane cocktail. The relative velocities of various 
glucansucrases were determined by adding 100 ™yL aliquots of 33.1 mM PNPG 
in buffer to 100 yL^of each of the following enzymes: L. wesenteroides 
B-1355 alternansucrase (0.23 lU/mL), L. wesenteroides B-742 mixed glucan­
sucrases (0.6 lU/mL), Streptococcus mutans 6715 GTF-S (40 lU/mL), or 
S. mtans 6715 GTF-I (10.4 lU/mL). GTF-S and GTF-I were incubated at 
37°C. At various times, 50 wL aliquots were analyzed for release of 
p-nitrophenol from PNPG. 
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RESULTS 
The t.I.e. of the time course of the reaction of p-nitrophenyl-
a-D-glucopyranoside (PNPG) with B-512F dextransucrase is shown in Fig. 1. 
Polysaccharide formation is observed early in the reaction along with 
traces of acceptor products. As time progresses, a series of isomalto-
dextrins (d.p. 2 to 9) is produced. The enzyme digest was chromatographed 
on Bio-Gel P-30 (see Fig. 2 for the elution profile). Three u.v. absor­
bing peaks were observed, two of which contained carbohydrate. The first 
small u.v. peak, at the void volume, may be due either to light scattering 
caused by the dextran or to the presence of p-nitrophenyl moieties at the 
reducing end of the polysaccharide. The second u.v. peak, which corres­
ponds to the total included volume, contained all of the low molecular 
weight PNPG acceptor products as well as some free D-glucose. The third 
u.v. peak corresponded to p-nitrophenol, which had some affinity for the 
column packing. 
The void volume peak from the Bio-Gel P-30 column was chromatographed 
on a Bio-Gel A-1.5m column (Fig. 3). Its elution profile is similar to 
native B-512F dextran, although a little more tailing from the void volume 
peak was observed with the dextran produced from PNPG. 
The individual low molecular weight products were isolated by 
h.p.l.c. with 4:1 (v/v) acetonitrile-water (Fig. 4). All but one of the 
series of peaks (peak 3) was u.v. absorbing, and it had the same mobility 
as free D-glucose. Peak 1 had multiple components, so it was rechromato-
graphed in 9:1 (v/v) acetonitrile-water to give the profile seen in 
Fig. 5. 
Table I shows the results of exo-isomaltodextranase treatment of the 
acceptor products. Prolonged treatment with the isomaltodextranase 
released p-nitrophenol if the number of residues in a-(l-*6) linkage was 
even and p-nitrophenyl-a-D-glucopyranoside if the number of residues was 
odd. Only peak 3 in Fig. 4, and peaks IC and ID in Fig. 5, were unaffec­
ted by isomaltodextranase. Peak IC had the same chromatographic mobility 
as the starting material, PNPG, with a slight shoulder which probably 
Figures lA and IB. T.l.c. of the time course of PNPG with B-512F dextran-
sucrase; 30 uL of the digest was spotted at each of 
the time points shown. S is an isomaltodextrin 
series. T.l.c. was run for one ascent in solvent A at 
room temperature 
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Table I. Thin layer chromatographic analysis of the Arthrobacter 
globiformis T-5 isomaltodextranase digestion products of 
p-nitrophenyl-a-D-glucopyranoside acceptors 
Peak Digestion Products Structure 
PNP PNPG IM Glc 
lA + PNP 
IB - - - - Solvent Front 
IC - + - - PNPG 
ID - - - - PNP-nigeroside* 
2 + - + - PNP-isomaltoside 
3 - - - + Glc 
4 - + + - PNP-isomaltotrios ide 
5 + - + - PNP-isomaltotetraos ide 
6 - + + - PNP-i somaltopentaoside 
7 + - + - PNP-i somaltohexaoside 
8 - + + - PNP-isomaltoheptaos ide 
9 + + PNP-isomaltooctaoside 
+ = Detected by t.l.c. 
- = Not detected by t.l.c. 
PNP = p-Nitrophenol 
PNP- = p-Nitrophenyl-a-D-
PNPG = p-Nitrophenyl-a-D-glucopyranoside 
IM = Isomaltose 
Glc = Glucose 
* = Identified by partial acid hydrolysis 
corresponds to the B-anomer present in the commercial preparation. Peak 
ID was Identified by partial acid hydrolysis (see Fig. 6). Partial acid 
hydrolysis of ID gave a light spot, with the same mobility as PNPG, the 
starting material, a spot corresponding to D-glucose, and a spot with the 
same mobility as nigerose, which established the structure of the compo­
nent in peak ID as p-nitrophenyl nigeroside. Thus, the acceptor products 
were a homologous series from p-nitrophenyl isomaltoside through p-nitro­
phenyl isomaltooctaoside, with the additional linked p-nitrophenyl 
nigeroside. Higher d.p. acceptor products, although observed on t.l.c., 
were not present in large enough quantities to isolate by h.p.l.c. 
The dextran produced from PNPG gave the n.m.r. spectrum seen in 
Fig. 7. Only six resonances are observed and they correspond to those 
reported for dextran produced by B-512F dextransucrase22. Dextranase 
hydrolysis of the PNPG-produced dextran gave mainly isomaltose and 
isomaltotriose with small amounts of higher d.p. branched products and 
looked identical to the dextranase products from native B-512F dextran. 
The kinetics of the reaction of PNPG are seen in Figs. 8 and 9. The 
rate of p-nitrophenol release is 1.9 times that of D-glucose incorporation 
into methanol-insoluble dextran; this is not surprising, as a considerable 
amount of PNPG acceptor products, which are methanol-soluble, are also 
being formed. We were unable to obtain either the Km or the Vmax from the 
Michaelis plot. Fig. 9, because of negative y-axis intercepts, which most 
probably are due to PNPG acting both as an acceptor and a donor, giving 
mixed-order kinetics. Using higher PNPG concentrations, it might be 
expected that the plots would show curvature: but, because PNPG has a 
relatively low solubility in water (33 mM at 25°C), it was necessary to 
use 30 mM PNPG as the highest concentration. 
PNPG was also shown to be a less effective substrate than sucrose. A 
comparison of the initial rates of D-glucose incorporation into dextran 
from PNPG and sucrose, each at 28 mM, showed that the rate of D-glucose 
incorporation into dextran from sucrose was 158 times that from PNPG. 
Table II gives a relative comparison of the reaction of various 
glucansucrases with PNPG. PNPG was utilized most rapidly by L. mesen-
Figure 6. Partial acid hydrolysis products of peak ID (see Fig. 5). Lane 
B had 10 wL of partially acid-hydrolyzed peak ID spotted. 
Lanes A, C, and D had standards spotted as follows: 1, PNPG; 2, 
peak ID; 3, D-fructose; 4, D-glucose; 5, sucrose; 6, nigerose; 
7, isomaltose 
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Figure 7. n.m.r. spectrum of the dextran produced from PNPG by B-512F dextransucrase. 
Sample concentration, 20 mg/mL; temperature 80°C 
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Figure 8. Velocity vs. substrate plot of B-512F dextransucrase incubated 
with various concentrations of ^ H-PNPG at 25°C. -o-o-o- = 
H^-D-glucose incorporation into methanol-insoluble polysac­
charide; -a * • = p-nitrophenol released 
31 
m M"' PNPG 
Figure 9. Michaelis plot of B-512F dextransucrase action on ^ h-pnpg at 
25°C. -o-o-o- = ^ H-D-glucose incorporation into methanol-
insoluble polysaccharide; e e -e- = p-nitrophenol released 
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Table II. Relative rates of p-nitrophenol release by glucansucrases 
Enzyme Source Enzyme Relative Rate of 
P-Nitrophenol 
Release 
(wmol min'l IU~1) 
L. Besenteroides B-512F Dextransucrase 7.45 x 10~3 
L. niesenteroides B-742 Glucansucrases 5.56 x 10"3 
(mixture) 
L. mesenteroides B-1355 Alternansucrase 1.68 x 10"^  
S. mutans 6715 Glucansucrase 1.58 x 10~3 
(GTF-I) 
S. mutans 6715 Glucansucrase 
(GTF-S) 
2.40 X 10-4 
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teroides B-512F dextransucrase and reacted with S. mutans 6715 GTF-S about 
0.03 times as fast. L. nesenteroides B-742 glucansucrases (a mixture of 
two types of glucansucrases), L. raesenteroides B-1355 alternansucrase, and 
S. mutans 6715 GTF-I were intermediate between the other two enzymes. 
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DISCUSSION 
para-Nitrophenyl-a-D-glucopyranoside has been shown to be a substrate 
for glucansucrases. The rate of dextran formation by Leuconostoc mesen-
teroides B-512F dextransucrase from PNPG is about 0.6% that from sucrose 
at 28 mM. Sucrose will react to form some minor acceptor products, 
leucrose and isomaltulose^ ,^ as well as some free D-glucose24,25 when no 
other acceptors are present, but, at most, these only account for 10% of 
the D-glucose while the other 90% is incorporated into dextran^ .^ PNPG, 
on the other hand, when reacted with B-512F dextransucrase, gives only 53% 
D-glucose incorporation into methanol-insoluble dextran; the remainder is 
released as free D-glucose or incorporated into acceptor products. 
Therefore, the actual cleavage rate of PNPG, measured by p-nitrophenol 
release, is 1% that of sucrose. 
Even though PNPG is a less effective substrate, the fact that the 
p-nitrophenol, which is released by the reaction, can be followed 
spectrophotometrically21r27 makes it a useful alternate substrate for 
assaying glucansucrase activity. Unfortunately, the kinetics of the PNPG 
reaction with glucansucrases are complex because of the two different 
reaction pathways that are occurring simultaneously. Whereas sucrose, the 
natural substrate, reacts rapidly mainly to form polysaccharide, PNPG 
reacts at a much slower rate not only to form polysaccharide but also to 
form a series of low molecular weight acceptor products. These two 
reactions may be the cause for the non-Michaelis-Menten kinetics observed 
in the reaction. 
The formation of p-nitrophenyl nigeroside in the acceptor reactions 
is of interest because normally, when D-glucose is added as an acceptor, 
dextransucrase only forms a linear, homologous series of isomaltodextrins 
with no a-(l->3) linkages^ S, although a-(l-»3) branch linkages are formed 
when dextran is added as an acceptor^ .^ Why PNPG forms an a-(1,3) linked 
acceptor produ-»t with itself may have some relation to how the p-nitro-
phenyl moiety affects the binding of D-glucosyl residues to the glucan­
sucrase binding sites. 
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One final interesting observation is that the various D-glucosyl-
transferases are able to utilize PNPG as a substrate to different degrees. 
What this may mean as far as differences in reaction mechanism or sub­
strate binding has yet to be determined. The fact that PNPG is a rela­
tively poor substrate for S. /nutans 6715 GTF-S and GTF-I may explain why 
PNPG had earlier been reported not to be a substrate for a crude 
preparation of S. nutans 6715 glucansucrases^ O. 
In summary, p-nitrophenyl-a-D-glucopyranoside reacts with L. mes-
enteroides B-512F dextransucrase both as a D-glucosyl donor and acceptor 
to give high molecular weight dextran and low molecular weight oligosac­
charide acceptor products. The course of the reaction may be readily 
followed by absorbance measurements at 415 nro21»27. The kinetics are 
complex and non-Michaelis-Menten, but linear initial velocities may be 
obtained. Although PNPG is not as effective a substrate as sucrose and 
reacts to different degrees with different glucansucrases, it can be used 
as a convenient alternate substrate for glucansucrase assays as the method 
of detection is simple and straightforward, and it is commercially 
available. PNPG, thus, has several advantages over the other alternate 
substrate, a-D-glucopyranosyl fluoride^ , which must be synthesized using 
hydrogen fluoride^ ,^ is not particularly stable in aqueous solutions, and 
requires a fluoride electrode for detection^ Z. 
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ABSTRACT 
Glucansucrases from Leuconostoc mesenteroides NRRL B-512F and 
Streptococcus mutans 6715 were found to utilize a number of D-gluco-
oligosaccharides as D-glucosyl donors as well as acceptors. These donors 
included isoraaltotriose and its homologues, as well as panose, maltotri-
ose, and dextran. In each case, D-glucosyl units were transferred from 
the donor to an acceptor sugar. When the donor sugar also acted as an 
acceptor, disproportionation reactions occurred. Isomaltotrlose, for 
example, gave rise to isomaltose and isomaltotetraose initially, and to a 
series of isomaltooligosaccharides eventually. In addition to forming 
linkages in these reactions, dextransucrase from S. wutans 6715 
was also capable of forming a-(l-»3) linked products. 
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INTRODUCTION 
Glucansucrases are glucosyltransferases which catalyze the synthesis 
of D-glucans from sucrose. Leuconostoc mesenteroides NRRL B-512F dextran-
sucrase synthesizes a dextran which has 95% a-(l-»6) linkages and 5% 
a-(l-+3) branch linkages^ . Streptococcus nutans 6715 produces two 
D-glucans from sucrose, a water-soluble dextran containing 73% 
linkages and 27% a-d-^ S) branch linkages^ , and a water-insoluble glucan 
("mutan") which contains 93% ct-(l+3) linkages and 7% a-(l->6) linkages^ . 
The enzymes which synthesize the soluble and insoluble glucans are usually 
referred to as GTF-S and GTF-I, respectively^ '^ . 
Although sucrose is the usual glucosyl donor for these enzymes, other 
substrates can also act as glucosyl donors. These include a-D-glucopyran-
osyl fluoride^ , a-D-glucopyranosyl-a-L-sorbofuranoside^ , and 4^ -0-6-0-
galactopyranosylsucrose^ . 
Reactions in which glycosyl units are transferred from one saccharide 
donor to identical or similar saccharide acceptors are known as dispropor-
tionation reactions (e.g., 2 maltose glucose + maltotriose), and have 
been observed for such enzymes as cellulase®, amylase^ '', glucoamylase^ ,^ 
transglucosylasel2, giucodextranase^ ,^ and isomaltodextranase^ .^ Dispro-
portionation reactions catalyzed by glucansucrases, however, are not well-
known, and have been overlooked by most investigators and reviewers^ ,^15_ 
In control studies on acceptor specificities of purified L. mesen­
teroides NRRL B-512F dextransucrase and S. mutans 6715 GTF-S, we have 
observed that a number of saccharides can act as D-glucosyl donors as well 
as acceptors. 
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MATERIALS AND METHODS 
Carbohydrates 
Isomaltooligosaccharides were prepared by partial acid hydrolysis of 
commercial B-512F dextran. Fifteen grams of dextran (Sigma Chem. Co., St. 
Louis, MO) were dissolved in 500 mL of 0.3 M trifluoroacetic acid and 
heated on a steam bath for approximately two to three hours. Individual 
oligosaccharides were isolated from the resulting mixture by charcoal 
column chromatography!^ . Panose was prepared by the acceptor reaction of 
dextransucrase with sucrose and maltose^ .^ Maltotriose was prepared by 
the method of French et al.18 Maltose was purchased from EM Laboratories, 
Elmsford, NY; T-10 dextran was purchased from Pharmacia Fine Chemicals, 
Uppsala, Sweden; and a-methyl D- glucopyranoside was recrystallized from a 
preparation purchased from Eastman Kodak Co., Rochester, NY. Planteose^  ^
and isopanose^ O were obtained from the laboratories of the late Professor 
Dexter French. Turanose and melibiose were purchased from Sigma Chemical 
Co., and melezitose was purchased from Nutritional Biochemicals Corp., 
Cleveland, OH. 
EInzymes 
Streptococcus wutans 6715 was grown on the medium described by Ciardi 
et ai.21 After removal of cells and concentration of the filtrate using a 
Pellicon membrane cassette filtration system (Millipore Corp., Bedford, 
MA), the exocellular glucansucrases were separated and purified by the 
following successive, steps; Bio-Gel A-15m chromatography^ ; DEAE-cellulose 
chromatography22 in 20 mM pH 6.8 sodium phosphate buffer, using a 0 to 
0.2 M gradient of sodium chloride; DEAE-Bio-Gel A chromatography^ ,^ using 
the same buffer and gradient; and Sephadex G-50 affinity chromatography^ .^ 
It contained 45 lU of GTF-S per mg of protein when assayed in the presence 
of 3.3 mg/mL of T-10 dextran. 
Leuconostoc mesenteroides B-512F dextransucrase was purified by the 
method of Miller and Robyt^ ;^ briefly, this entailed DEAE-cellulose 
chromatography, Sephadex G-200 affinity chromatography, and DEAE-Trisacryl 
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chromatography. The specific activity was 76 lU/mg. 
Chromatography 
Oligosaccharides were separated and analyzed by thin-layer chrom­
atography on Whatman K5F silica gel plates in one of the following sol­
vents: (A) 5:2:4:4 (v:v;v:v), 1-propanol-n itromethane-ac eton itr ile-wat er, 
or (B) 17:3 (v:v), acetonitrile-water. The sugars were visualized by 
spraying the plates with 20% (vol.) of sulfuric acid in methanol, 
followed by heating to 120° for ten minutes. 
Sephadex was purchased from Pharmacia Fine Chemicals, Bio-Gel was 
purchased from Bio-Rad Laboratories (Richmond, CA), and DEAE-cellulose was 
purchased from Sigma Chemical Co. DEAE-Trisacryl was purchased from LKB 
Instruments, Inc. (Gaithersburg, MD). 
Reaction Conditions 
All reactions were carried out at 30° in 50 mM, pH 5.5, sodium 
acetate buffer, containing 0.02% sodium azide, unless stated otherwise. 
Oligosaccharide dlsproportionation reactions were carried out by reacting 
0.1 mL of 0.1 M saccharide with 0.1 mL of enzyme, which contained approx­
imately 5 lU/mL of S. /nutans 6715 GTF-S, or 10 lU/mL of L. mesenteroides 
B-512F dextransucrase. Reactions in the presence of sucrose contained 
0.1 mL of 0.1 M oligosaccharide, 90 uL of one of the enzymes described, 
and 10 wL of 1.0 M sucrose. The reactions between dextran and a-methyl-
D-glucoside contained 116 pL of enzyme, 17 uL of 0.6 M a-methyl-D-gluco-
side, and 67 yL of a solution containing 150 mg/mL of T-10 dextran. 
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RESULTS 
Both Streptococcus mtans 6715 GTF-S and Leuconostoc mesenteroides 
B-512F dextransucrase were found to disproportionate isomaltodextrins. 
Figs. 1 and 2 show that the first products to appear from the reaction 
with isomaltotriose are isomaltose and isomaltotetraose. After further 
reaction, higher d.p. isomaltooligosaccharides appear which differ from 
one to the next by a single D-glucosyl unit. Eventually, after prolonged 
reaction times, D-glucose is also produced in small amounts. Fig. 3 shows 
that the products formed in the presence of sucrose are the same as those 
formed in the absence of sucrose, but the rate of formation of these 
products is much faster when sucrose is the D-glucosyl donor. It should be 
noted that the two enzymes both form the same products (isomaltooligo­
saccharides), even though the glucans formed by each differ significantly 
in their structures. It was observed, however, that after much longer 
incubation times, the S. mtans GTF-S made small amounts of other 
products, which may contain linkages other than a-(l-»6). 
On the other hand, the products formed by the disproportionation of 
panose (4-0-a-isomaltosyl-D-glucose) differ between the two enzymes. 
Fig. 4 shows that L. wesenteroides B-512F dextransucrase forms a series of 
4-0-a-isomaltodextrinyl-D-glucose oligosaccharides from panose, by trans­
ferring a-D-glucosyl units one at a time; maltose is also released as a 
result of the removal of the nonreducing terminal D-glucose residue from 
panose. The products formed in the presence of sucrose (Fig. 5) are the 
same as those formed in the absence of sucrose. 
The products formed by S. mutans 6715 GTF-S, however, differ from 
those formed by B-512F dextransucrase. Fig. 4 shows that, in addition to 
maltose and 4-0-a-isomaltodextrinyl-D-glucose oligosaccharides, smaller 
amounts of other oligosaccharides are also formed. These other products 
are not as prominent, however, when sucrose is present (Fig. 5). The 
identities of these oligosaccharides are not presently known, but we 
believe they contain a-(l-+3) as well as a-(l-*^ 6) linkages. 
The ability of dextransucrase to utilize panose as a D-glucosyl donor 
Figure 1. Thin layer chromatogram of products arising from Streptococcus mutans 6715 GTF-S 
action on isomaltotriose. Two ascents in solvent A, at 37°. S Indicates a series of 
isomaltooligosaccharides, used as standards. D.P. refers to the degree of polymer­
ization of each of the isomaltooligosaccharides. Reaction times, from left to right; 
t = 0, 5 min., 30 min., 3 hours, 18 hours, 2 days, 4 days, 8 days, and 11 days. Five 
nL of each reaction mixture was chromatographed 
Figure 2. Thin layer chromatogram of products arising from Leuconostoc mesenteroides B-512F 
dextransucrase action on isomaltotriose. For details, see Fig. 1 
Figure 3. Thin-layer chromatogram of products arising from the action of dextransucrases on 
isomaltotriose in the presence of sucrose. S refers to isomaltooligosaccharide 
standards. Left side of plate: Streptococcus mutans 6715 GTF-S reaction mixture; 
time points taken at t = 0, 30 min, 2.5 hours, and 24 hours. Right side of plate: 
Leuconostoc mesenteroides B-512F dextran;;,ucrase action on isomaltotriose in the 
presence of sucrose. Time points same as for S. mutans. Five uL of each mixture was 
chromatographed for two ascents at 37° in solvent A 
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suggests a certain amount of flexibility in the enzyme's substrate binding 
site. Further evidence for this is provided by the observation that both 
of the enzymes studied are capable of acting on maltotriose (Fig. 6). 
Fig. 6 also shows that the two enzymes differ in their specificity of 
action on maltotriose. S. nutans 6715 GTF-S acts on this substrate to give 
D-glucose, maltose, and a higher d.p. oligosaccharide of unknown struc­
ture, while L. mesenteroides B-512F dextransucrase forms maltose and a 
higher d.p. oligosaccharide which differs from that produced by GTF-S. 
After a longer reaction time, a second, minor product also appears and 
migrates on t.l.c. slightly ahead of the major, higher d.p. product from 
B-512F dextransucrase. It is important to note that maltotriose alone does 
not give rise to a series of higher isomaltodextrinyl oligosaccharides. 
The major products of S. mutans 6715 GTF-S action on maltotriose are 
D-glucose, maltose, and a tetrasaccharide (Fig. 6). The formation of 
D-glucose occurs when water acts as an acceptor instead of maltotriose to 
give hydrolysis rather than disproportionation. .This is not the case when 
the enzymes are incubated with both sucrose and maltotriose. Fig. 7 shows 
that different products are formed when sucrose acts as the D-glucosyl 
donor. In addition to the two saccharides that are formed when sucrose is 
absent, L. mesenteroides B-512F dextransucrase reacts with sucrose and 
maltotriose to give a homologous series, which ostensibly are isomalto-
dextrinyl saccharides with maltotriose at the reducing end. No maltose was 
detected. 
The GTF-S reaction with maltotriose and sucrose gives, in addition to 
the products noted in the absence of sucrose, a series of oligosaccha­
rides, which appear to be the same as those produced by B-512F dextran­
sucrase. Maltose, however, is also released by GTF-S. It should be noted 
that the relative amounts of the higher saccharides differ between the two 
enzymes, with GTF-S giving more of the higher d.p. products just ahead of 
the origin, while B-512F dextransucrase gives lesser amounts of these, 
compared to greater amounts of those of d.p. approximately six to eight 
(Fig. 7). 
Perhaps most notably, it was found that both of these glucosyltrans-
Figures 4 and 5. Thin-layer chromatogram of products arising from the action of dextransucrases 
on panose in the absence of sucrose (Fig. 4) and in the presence of sucrose 
(Fig. 5). S refers to isomaltooligosaccfiaride standards, and S' to malto-
oligosaccharide standards. Left side of plate; Streptococcus mutans 6715 
GTF-S reaction mixture; aliquot were spotted at the time points shown. Right 
side of plate: Leuconostoc meaenteroides B-512F dextransucrase reaction 
mixture; same time points as for S. mutans. Five uL of each mixture was 
chromatographed for two ascents in solvent A at 37° 
Figures 6 and 7. Thin layer chromatogram of products arising from the action of dextransucrases 
on maltotriose in the absence (Fig. 6) and presence (Fig. 7) of sucrose. S 
refers to isomaltooligosaccharide standards, S' refers to maltooligosaccharide 
standards, and S" refers to the following standards (top to bottom): D-glu-
cose, isomaltose, panose, 4^ -0-a-isomaltosylmaltose, isomaltotriose, and 
higher d.p. isomaltooligosaccharides. Left side of plate: Streptococcus 
mutans 6715 GTF-S reaction mixture; aliquots were spotted at the time points 
shown. Right side of plate: Leuconostoc mesenteroides B-512F dextransucrase 
reaction mixture; time points same as for S. mutans. Five pL of each reaction 
mixture was chromatographed for two ascents in solvent A at 37° 
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ferases were capable of transferring D-glucosyl units from a predominantly 
a-(1->6)-linked dextran to an acceptor sugar. Fig. 8 shows that both 
glucansucrases transfer single D-glucosyl residues from a B-512F clinical-
sized dextran (average molecular weight about 10,000) to a-methyl-D-gluco-
pyranoside. B-512F dextransucrase gives rise to a-methyl-isomaltoside in 
24 and 150 hrs as judged by mobility on t.l.c. S. mtans 6715 GTF-S reacts 
more slowly to give the same products as well as another, faster-moving 
disaccharide, most probably a-methyl-nigeroside (see Fig. 8). On prolonged 
incubation, D-glucose and higher d.p. products were also observed. D-Glu-
cose was identified by its chromatographic mobility and by detection on 
t.l.c. by orthanilic acid^ S, which did not reveal the a-methyl glycosides. 
When D-fructose was present in enzyme digests where dextran or 
isomaltooligosaccharides served as D-glucosyl donors, leucrose was formed 
(data not shown), just as it is when sucrose acts as the D- glucosyl 
donor^s. 
A number of other sugars were also tested as D-glucosyl donors, but 
were found to be relatively unreactive compared to the previously de­
scribed substrates. Planteose, turanose, and melezitose gave only very 
slight traces of products after prolonged incubation with large amounts of 
enzyme, while melibiose, isopanose, and 6,6'-dideoxy-6,6'-difluorosu-
crose27 gave no products at all. 
We have also found that S. niutans 6715 GTF-I ("mutansucrase") is 
capable of catalyzing similar types of transfer reactions as described for 
GTF-S, but we have not investigated them in detail. 
Figure 8. Thin layer chromatogram of products arising from the action of dextransucrases on 
B-512F clinical dextran in the presence of methyl a-D-glucoside. S refers to the 
following standards (top to bottom); methyl a-D-glucoside, D-xylose, L-arabinose, 
D-fructose, D-glucose, D-galactose, sucrose, maltose, isomaltose, and raffinose. 
Left side of plate: Streptococcus wutans 6715 GTF-S reaction mixture; time points 
taken at t = 0, 2.5, 24, and 150 h. Right side of plate: Leuconostoc mesenteroidea 
B512F dextransucrase reaction mixture; time points same as for 5. mutans. Five yL of 
each mixture were chromatographed for three ascents in solvent B at 25°c 
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DISCUSSION 
Disproportionation reactions catalyzed by dextransucrase were ob­
served in our laboratory during a study of acceptor reactions with oligo­
saccharides of d.p.?3. These reactions were observed with both glucan-
sucrase preparations, regardless of purity. The fact that the reaction 
products were the same as those produced by acceptor reactions suggested 
that this phenomenon was due to glucansucrase itself. 
Over two decades ago, Tsuchiya^ S reported similar observations while 
working with a relatively crude preparation of dextransucrase from Leuco-
nostoc mesenteroides B-512F. His results have been greeted with some 
degree of skepticism since then, and have been interpreted by some as 
evidence of the presence of a contaminating glycosidase activity. The 
issue was further clouded by Tsuchiya's own observation that his prepara­
tion also contained levansucrase activity28. Since then, no other reports 
have appeared which confirm his findings. In fact, Kobayashi and Matsuda^  ^
reported that their highly purified dextransucrase from L. mesenteroides 
B-512F did not act on isomaltotetraose, although it did act on raffinose. 
These findings differ from ours, but this may be due to the fact that they 
examined a dextransucrase fraction which did not bind to Sephadex, while 
our enzyme binds tightly to Sephadex and could be released by 3 M urea^ .^ 
Walker^O has described a dextransucrase preparation from Streptococcus 
mutans OMZ 176 which she reported as having no hydrolytic action on iso-
maltooligosaccharides, but she did not state how this was determined. If a 
reducing-value assay was employed, it should be realized that dispropor­
tionation itself would not give any increase in reducing value except 
after very long reaction times, during which a significant amount of 
D-glucose would eventually be produced. 
It is unlikely that the type of D-glucosyl transfer that we have 
observed is due to an endodextranase. S. mutans endodextranase is inca­
pable of transferring single D-glucosyl units^ "^^ .^ instead, the initial 
products of S. mutans endodextranase action on dextran are isomaltotriose, 
isomaltotetraose, and isonialtopentaose'^ '^ "^^ .^ Streptococcal endodex-
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tranase is also incapable of hydrolyzing maltotriose^ S; compare this with 
Fig. 6. The patterns of products seen with our glucansucrase preparations 
are not consistent with those that are characteristic of endodextranase 
action. 
It is also unlikely that these reactions are due to exodextranase or 
a-glucosidase activities, since these enzymes are predominantly endocel-
lular in these particular organisms33r36^  while our enzyme preparations 
are derived from the exocellular culture fluid. In addition, had an exo­
dextranase or a-glucosidase been present, isomaltose would have been 
hydrolyzed faster than dextran or isomaltodextrins^  ^r 37, but just the 
opposite was found. Also, the endocellular glycosidases would have been 
expected to act on such saccharides as isopanose, turanose, melezitose, 
planteose, and melibiose, but only a trace of such activity was observed. 
Furthermore, S. mutans 6715 GTF-S prepared as described is reported to 
lack any detectable contaminating activity of this sort^ f22-23. Likewise, 
invertase action could not account for these reactions, since S. mutans 
invertase is a B-D- fructofuranos idase38,39. 
The proposed mechanism for the observed disproportionation reaction 
is the formation of an enzyme-glucosyl intermediate from the substrate and 
the subsequent displacement of the glucosyl group by an acceptor to give 
disproportionation of the substrate: 
Isomaltotriose + enzyme •* D-glucosyl-enzyme + isomaltose 
D-glucosyl-enzyme + isomaltotriose •* enzyme + isomaltotetraose 
Although the disproportionation reactions are slow compared to D-glu-
cosyl transfer from sucrose, they are sufficiently rapid so as to be of 
concern in many instances. For example, our results with isomaltotriose 
indicate that this saccharide can undergo disproportionation in the pres­
ence of sucrose to yield isomaltose, which is produced even before all of 
the sucrose has been consumed. Thus, the rate of formation and the distri­
bution of certain products not only depend on the transfer of D-glucosyl 
units from sucrose, but also on the transfer of D-glucosyl residues to and 
from the products themselves. The transfer of D-glucosyl residues from one 
dextran chain to another, although not directly observed, may be of consi­
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derable interest if it is found that this does occur. This is especially 
interesting in light of our findings that branching in dextrans can occur 
by acceptor reactions^ O,41. 
The findings described herein support those of Tsuchiya S^ that dex-
tran and a-(l-»6)-linked D-glucose oligosaccharides can act as D-glucosyl 
donors for B-512F dextransucrase. We have also shown that these reactions 
can be catalyzed by a streptococcal glucansucrase, as well as by L. niesen-
teroides B-512F dextransucrase. These reactions show that, in addition to 
acting as acceptors, a rather wide variety of D-glucooligosaccharides can 
also act as D-glucosyl donors. This adds further evidence to support the 
idea that the active site of dextransucrase is flexible enough, or non­
specific enough, to bind to, and catalyze transfer to and from, a number 
of different substrates. This was first suggested for dextransucrase by 
Neely^ Z, who found that partially denatured L. mesenteroides B-512F 
dextransucrase was capable of disproportionating maltose into glucose and 
a trisaccharide, probably panose. 
It is not known how these reactions would affect the findings of 
others'^ 3-45 with respect to the specificity of dextransucrase action in 
the presence of isomaltooligosaccharides, but the question warrants con­
sideration. 
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INTRODUCTION 
Over the past decade various specific modifications of the primary 
hydroxyl groups of sucrose have been accomplished, including the synthesis 
of disubstituted sucroses, where the 6 and 6' carbons have been modi-
fiedl"^ , and various monosubstitutions^ ,8. The synthesis of cyclic 
acetals by Khan et al.^  has made it possible to select for one of the 
primary hydroxyl groups^  in later modifications. We now report the 
synthesis of 6-thiosucrose (7) and 6-deoxysucrose (9) via the use of the 
4,6-acetal of sucrose. 
Selective iodination of 2,3,1',3%4',6'-hexa-O-benzoylsucrose^  (3) 
with triphenylphosphine, iodine and imidazolelO gave 2,3,1',3',4',6'-hexa-
0-benzoyl-6-deoxy-6-iodosucrose (4) in 75% yield. Nucleophilic displace­
ment of the iodide by potassium thioacetate^ l gave 2,3,1',3',4',6'-hexa-
0-benzoyl-6-deoxy-6-(thioacetyl)sucrose (5), which was de-esterified by 
sodium methoxide in methanol^ 2^  and treated with dithiothreitol^  ^to yield 
crystalline 6-deoxy-6-thiolsucrose (7) in 48% yield from the iodo de­
rivative. 
The synthesis of 6-deoxysucrose (9) was accomplished by direct 
hydrogénation of 4 over Pd/C catalystin tetrahydrofuran; step yield was 
85%. De-esterification with sodium methoxide in methanol gave 6-deoxy-
sucrose (9) in 80% yield. 
In none of the steps of the syntheses were chromatographic methods 
used as has been previously done in the synthesis of many modified 
sucroses^ "'^ '^ '®. Rather, we employed selective crystallizations, which 
greatly increased the amounts of material which we could obtain. 
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EXPERIMENTAL 
General Methods 
Thin-layer chromatography (t.l.c.) was carried out on Analtech HETLC-
GHLF t.l.c. plates in 2:1 (v;v) ether-hexane; compounds were visualized by 
fluorescence quenching. nuclear magnetic resonance (n.m.r.) spectra 
were obtained with a JEOL FX-90Q Fourier-transform spectrometer. Melting 
and decomposition points were determined using a Mel-Temp melting-point 
apparatus. Optical rotations were recorded with a Rudolph polarimeter and 
a sodium light source. Elemental analysis was done by Galbraith Labora­
tories, Knoxville, Tennessee. 
4,6-0-Isopropylidenesucrose Hexabensoate (2) 
Compound 2 was prepared by the following modification of the proce­
dure of Khan et al.^ . Sucrose (30 g) was acetalated with N,N-dimethyl-
formamide (300 mL), 2,2-dimethoxypropane (140 mL) and p-toluenesulfonic 
acid (500 mg) at 20° with stirring for 1 h. The solution was neutralized 
by stirring for 15 min with Amberlite IR-45 (0H~) resin, filtered and 
concentrated to a syrup under reduced pressure at 35° with a dry-ice-ace-
tone, cooled condenser. The resulting syrup was treated with benzoyl 
chloride (72 mL) and pyridine (500 mL) at 0° for 1 h, then stored at 20° 
for 12 hrs. The solution was poured slowly, with rapid stirring, into 3 L 
of ice-water slush containing 90 g of sodium bicarbonate; the resulting 
white foam was filtered, washed several times with water, and dissolved in 
200 mL of methylene chloride. This solution was poured into hot ethanol 
and kept at -20° for 12 h. The ethanol was decanted, leaving a heavy 
syrup which was shown by t.l.c. to contain three major components. Com­
pound 2 was selectively crystallized by dissolving the syrup in 100 mL of 
methylene chloride, adding 400 mL of warm ether (32°), and then slowly 
adding 800 mL of hexane with stirring. As the solution cooled, 2 crystal­
lized; in some preparations, seed crystals were required. A second crys­
tallization yielded pure 2 (30 g, 34%); m.p. 167-170°, [a]Q +52.5° (c 6.6, 
methylene chloride); lit.9 m.p. 168-170°, [a]^  +46° (chloroform); the 
60 
proton n.m.r. data were similar to that previously reported^ . 
2,3,1',3',4',6'-Hexa-O-benzoylsucrose (3) 
Compound 3 was prepared by the following modification of the proce­
dure previously reported^ . Compound 2 (20 g) was dissolved in 100 mL of 
acetone, to which was added 400 mL of glacial acetic acid. This solution 
was heated to 70°, and 100 mL of water was slowly added with stirring. 
The solution was kept at 70° for 20 min, after which t.l.c. showed none of 
the starting material remaining. The solution was evaporated under vacuum 
to 300 mL and poured into 200 mL of methylene chloride. The organic phase 
was washed three times with 800 mL of water and vacuum-evaporated to a 
syrup. Ether (250 mL) was added to the syrup with stirring, and then 
250 mL of hexane was slowly added with stirring. Compound 3 crystallized 
during the next 2 h. Yield: 16.5 g (86%); m.p. 122-126°, [o]q +71.0° 
(c 1.97, methylene chloride); lit.9 m.p. 124-125°, [a]^  +59° (chloroform), 
the proton n.m.r. data were similar to that previously reported^ . 
6-Deoxy-6-iodo-2,3,l',3',4',6'-hexa-O-benzoylsucrose (4) 
Compound 3 (12 g) was dissolved in 360 mL of toluene, and the solu­
tion was warmed to 50°. Iodine (4.26 g) was added to the solution, fol­
lowed by the slow addition with stirring of a mixture of triphenylphos-
phine (4.7 g) and imidazole (2.5 g). The resulting solution was kept at 
70° for 1 h, after which t.l.c. showed none of the starting material 
remaining. A saturated solution of sodium thiosulfate in water (200 mL) 
was added; the organic phase was collected, washed twice with water, and 
vacuum-evaporated to a syrup. The syrup was dissolved in 300 mL of hot 
ethanol, stirred at 20° for 1 h, cooled to 0° with stirring, and finally 
kept overnight at -20°. The product crystallized throughout this proce­
dure. Recrystallization from 1:1 (v:v) ether-hexane gave 4 (12 g, 75%); 
m.p. 137-140°, [a]p +50.2° (c 2.1, methylene chloride), data 
(p.p.m. from tetramethylsilane, followed by assignments to carbons of 4): 
78.5, 77.1, and 75.6 (CDCI3, internal standard); 104.6 (2'); 91.2 (1); 
79.0, 77.5, 76.5, 73.3 (2 signals superimposed), 70.8, and 70.3 (2, 3, 4, 
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5, 3', 4', and 5'; not specifically assigned); 64.7 and 64.3 (1' and 6', 
not specifically assigned); and 7.8 (6). 
6-Thiosucrose (7) 
Compound 4 (5 g) was dissolved in 20 mL of acetone in a small sealed 
flask, and 1.1 g powdered potassium thioacetate was added. This suspen­
sion was stirred at 60° for 1 h, after which t.l.c. showed no starting 
material remaining. The mixture was then poured into a saturated solution 
of sodium thiosulfate in water (50 mL), and extracted with methylene 
chloride (50 mL). The organic phase was washed twice more with water 
(100 mL), dried over calcium sulfate, decolorized with charcoal, and 
vacuum-evaporated to give 4 g of 6-deoxy-6-thioacetyl-2,3,l',3',4',6'-
hexabenzoylsucrose (5) as a foam. The foam was dissolved in dry methanol 
(100 mL), to which 300 mg of sodium methoxide was added. This solution 
was stirred at 20° for 24 h, neutralized with Amberlite IRC-SO cation 
exchange resin (H+ form), filtered, and vacuum-evaporated to 5 mL. Water 
(2 mL) and 0.25 g of iodine were added to convert 7 to the disulfide, 
6,6-dithiodisucrose (6). Addition of 40 mL of acetonitrile precipitated 
compound 6, which was washed with acetonitrile and dissolved in 2 mL of 
water containing 1 g of dithiothreitol. This solution was stirred for 1 
h; then, 25 mL of ethanol and 50 ml of acetonitrile were added, and the 
solution was kept at 5° overnight. Crystalline 7 (0.8 g, 48%; yield from 
sucrose, 10.5%) was collected: m.p. 182-190° (dec.), [a]^  +56.4° (c 1.02, 
water). See table for l^ c-n.m.r. data. (Anal.: Found: C, 40.45; H, 5.17; 
S, 9.13; calc. for Cj^ 2H22°10^ * H, 6.19; S, 8.95%.) 
6-Deoxy-2,3,1',3',4',6'-hexa-O-benzoylsucrose (8) 
To 1 g of compound 4 dissolved in 25 mL of tetrahydrofuran was added 
2 mL diethylamine and 0.1 g 10% palladium on charcoal. Hydrogen gas was 
slowly bubbled through the stirred mixture for 9 h, at which time t.l.c. 
showed that the reaction was complete. The suspension was filtered, and 
the filtrate vacuum-evaporated to give a foam. The foam was dissolved in 
10 mL of methylene chloride, and washed twice with a saturated solution of 
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Table 1. l^ C-n.m.r. chemical shifts^  
Carbon Sucrose^  6-Deoxy-6-thiosucrose 6-Deoxysucrose 
1 93.0 93.1 92.1 
2 71.9 72.1 (2 signals) 69.4, 72.3, 
3 73.4 72.8, 73.4 73.4, 76.1 
4 70.0 (resonances not (resonances not 
5 73.2 assigned) assigned) 
6 60.9 26.0 17.7 
r 62.1 62.7 62.6 
V 104.5 104.6 104.6 
3' 77.2 77.7 77.7 
4' 74.8 75.1 75.1 
5' 82.1 82.4 82.4 
6' 63.2 63.5 63.3 
3ln p.p.m. from tetramethylsilane. 
standard was methanol (49.9 p.p.m.). 
D^ata from Morris and Hall^ .^ 
Solvent was D2O; internal 
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sodium thiosulfate in water (20 mL) and once with water (20 mL). The 
organic layer was vacuum-evaporated to 1 mL, and 5 mL of ether was added. 
The solution was warmed to 30®, and 5 mL of hexane was slowly added with 
stirring. The solution was kept at 20° with slow stirring for 24 h, 
during which time a crystallized (0.75g, 85%): m.p. 111-115°, [û]q +63.1° 
(c 2.59, methylene chloride), l^ c-n.m.r. data (p.p.m. from tetramethyl-
silane, followed by assignments to carbons of 8): 129.1, 128.0, and 126.9 
(dg-benzena, internal standard); 104.0 (2'); 91.3 (1), 79.6, 77.9, 77.3, 
75.2, 74.4, 72.0, and 69.3 (2, 3, 4, 5, 3', 4', and 5', not specifically 
assigned); 65.1 d' and 6', superimposed); and 17.7 (6). 
6-Deoxysucrose (9) 
Compound 8 (0.75 g) was dissolved in 30 mL of dry methanol, to which 
0,05 g of sodium methoxide had been added. This solution was stirred at 
20° for 48 h, and then treated with Amberlite IRC-50 cation exchange resin 
{H+ form), filtered, and vacuum-evaporated to a syrup. The syrup was dis­
solved in 10 mL of ethanol, and 20 mL of ether was added to precipitate 9 
(0.20 g, 80%; yield from sucrose, 14.9%). Compound 9 was crystallized 
from hot ethanol. M.p. 172-180° (dec.), +54.8° (c 1.03, water). See 
table for l^ c-n.m.r. data. (Anal.: Found: C, 44.28; H, 6.94; calc. for 
C12H23O10: C, 44.03; H, 7.08%.) 
64 
REFERENCES 
1 C. H. Bolton, L. Hough, and R. Khan, Carbohydr. Res., 21 (1972) 133-
143. 
2 L. Hough and K. S. Mufti, Carbohydr. Res., 21 (1972) 144-147. 
3 J. N. Zikopoulcs, S. H. Eklund, and J. F. Robyt, Carbohydr. Res., 104 
(1982) 245-251. 
4 A. K. M. Annisuzzaman and R. L. Whistler, Carbohydr. Res., 61 (1978) 
511-518. 
5 R. Khan, Adv. Carbohydr. Chew. Biochem., 33 (1976) 235-294. 
6 C. C. Chen, R. L.Whistler, and J. R. Daniel, Carbohydr. Res., 117 
(1983) 318-321. 
7 R. G. Alraquist and E. J. Reist, J. Carbohydr. Nucleosides Nucleotides, 
3 (1976) 261-271. 
8 R. Khan and M. R. Jenner, Carbohydr. Res., 48 (1976) 306-311. 
9 R. Khan, K. S. Mufti, and M. R. Jenner, Carbohydr. Res., 65 (1978) 
109-113. 
10 P. J. Garegg and B. Samuelsson, J. Chem. Soc. Chem. Commun., (1979) 
978-980. 
11 D. M. C. Hull, P. F. Orchard, and L. N. Owen, Carbohydr. Res., 57 
(1977) 51-63. 
12 A. Thompson, M. L. Wolfrom, and E. Pacsu, Methods Carbohydr. Chem., 2 
(1963) 215-220. 
13 W. W. Clsland, Biochemistry, 3 (1964) 480-482. 
14 A. R. Pinder, Synthesis, (1980) 425-452. 
15 G. A. Morris and L. D. Hall, J. Am. Chem. Soc., 103 (1981) 4703-4711. 
65 
SECTION IV 
SYNTHESIS OF 3-DEOXYSUCROSE AND 3-DEOXY-3-FLUOROSUCROSE, AND 
a-D-ALLOPYRANOSYL B-D-FRUCTOFURANOSIDE 
Thomas P. Binder and John F. Robyt 
Department of Biochemistry and Biophysics 
Iowa State University, Ames, lA 50011 
66 
INTRODUCTION 
Many methods have been reported for the selective modification of 
sucrose^ "^ , but most of these have dealt with either the modification at 
the primary carbons or modification at more than one carbon. Much less 
work has been done relating to selective modification at the secondary 
carbons because of the difficulty involved. Most modifications reported 
have been for carbon 4^ -9 and carbon 2^ 0-11_ we were interested in 
modifications at carbon-3. Of the three modifications reported for 
carbon-3^ 2-14^  the first two were not suitable for preparing derivatives 
other than allosucrose (a-D-allopyranosyl-B-D-fructofuranoside) and the 
third would allow easy preparation only of derivatives having the alio 
configuration. In this paper, we report the synthesis of 3-deoxy- and 
3-deoxy-3-fluorosucrose, and allosucrose. 
Recently, the preparation of 3-0-acetyl-l',2:4,6-di-O-isopropylidene-
sucrose was reportedly, with some modification of this procedure, we were 
able to obtain 3-0-benzoyl-l',2:4,6-di-0-isopropylidenesucrose (1) in 
moderate yields. Compound 1 was treated with 4 equivalents of t-butyl-
dimethyls ilyl chloride!^  to give 3-0-benzoyl-3',4',6'-tri-O-t-butyl-
dimethylsilyl-1',2:4,6-di-O-isopropylidenesucrose (2). Reductive cleavage 
of the ester with lithium aluminum hydride (LAH) gave 3',4',6'-tri-0-
t-butyldimethylsily1-1',2;4,6-di-O-isopropylidenesucrose (3). Reaction of 
3 with methanesulfonyl chloride gave 3',4',6'-tri-O-t-butyldimethyls ilyl-
1',2:4,6-di-0-isopropylidene-3-0-methanesulfonylsucrose (4). Treatment of 
4 with LAH led to fission^ "' yielding 3, rather than reduction to the 
3-deoxy compound, probably because of steric hindrance by the isopropyl-
idene rings. 
We next prepared 3',4',6'-tri-O-t-butyldimethyls ilyl-1 ',2:4,6-
di-0-isopropylidene-3-0-{methylthio)thiocarbonylsucrose (5), which was 
homolytically cleaved with tributyltin hydride in toluene^ ® to give 
3',4',6'-tri-O-t-butyldimethyls ilyl-3-deoxy-l',2:4,6-di-O-isopropylidene-
sucrose (6). Compound 3 was oxidized using a modified chromium trioxide-
pyridine complex^  ^to the 3-keto compound, which was reduced with NaBH^  to 
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give 3' ,4',6'-tri-O-t-butyldimethylsilyl-1 ' ,2:4,6-di-0-isopropylideneallo-
sucrose (7). Fluorination of 6 with diethylaminosulfur trifluoride^ O gave 
a mixture of products from which we isolated 3',4',6'-tri-O-t-butyl-
diniethylsilyl-3-deoxy-3-fluoro-r ,2:4,6-di-0-isopropylidenesucrose (8). 
Removal of the protecting groups from compounds 6, 7, and 8 gave 
3-deoxysucrose (9), allosucrose (10), and 3-deoxy-3-fluorosucrose (11), 
respectively, with the configuration of the fluoro derivative confirmed by 
nuclear magnetic resonance. Higher overall yields of the diisopropyl-
idene compound may be possible by using a newer isopropylidenation pro­
cedure described by Fanton et ai.21 
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EXPERIMENTAL 
General Methods 
Thin-layer chromatography (t.l.c.) of the protected sugars was con­
ducted on Analtech HETLC-GHLF t.l.c. plates in 3:1 (v/v) hexane-ethyl 
acetate unless otherwise stated; sugars were detected by fluorescence 
quenching or acid charring. T.l.c. of the free sugars was conducted on 
Whatman K5F silica gel plates with two ascents with 17:3 (v/v) acetoni-
trile-water; sugars were detected by acid charring. 
Melting and decomposition points were determined by using a Mel-Temp 
melting point apparatus. Optical rotations were recorded with a Rudolph 
polarimeter and a sodium light source. Elemental analyses were performed 
by Galbraith Laboratories, Knoxville, Tennesee. Nuclear magnetic reso­
nance Cn.m.r.) spectra were recorded on one of the following spectrom­
eters; JEOL FX-90Q, Bruker WM300, or an Nicolet NT-300. shifts are 
reported only for carbohydrate carbons and other carbons whose signals are 
near carbohydrate signals. 
3-0-Benzoyl-l',2:4,6-di-0-isopropylidenesucrose (1) 
Sucrose (100 g) was acetalated and benzoylated following the proce­
dure of Binder and Robyt'^  with the following modifications: The acetala-
tion was allowed to run for 90 min rather than 60 min, and for the last 
30 min of the benzoylation the mixture was maintained at 50°. After 
crystallizing and filtering off the 4,6-0-isopropylidenesucros8 hexaben-
zoate from an ether-hexane mixture (yield 100 g), the filtrate was concen­
trated to a syrup and dissolved in 1 L of hot ethanol; this solution was 
kept at -20® overnight. The ethanol was decanted, and the solid remaining 
was dissolved in 500 mL of dichloromethane to which was added 1.5 L of 
methanol and 20 g of sodium methoxide. The debenzoylation was monitored 
by t.l.c. using ether as the eluant. After 1.5 h, only one major mobile 
ultraviolet-absorbing compound remained besides methyl benzoate. The 
deesterification was stopped by adding 21 mL of glacial acetic acid, and 
the solution was evaporated under vacuum to a syrup, to which was added 
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i L of dichloromethane and 1 L of water. After shaking, the two phases 
were allowed to separate for 3 h. The organic phase was collected, 
concentrated to about 200 mL and absorbed onto a 8 x 68 cm silica gel 
column. The column was eluted with 6 L of 1:1 ethyl acetate-hexane 
followed by 6 L of 4:1 ethyl acetate-hexane. Compound 1 was detected by 
t.l.c. in the later fractions, which were combined and concentrated to 
200 mL. This solution was allowed to stand at 25° for 2 h during which 
compound 2 crystallized. It was dried in vacuo. Yield 20 g (13%); m.p. 
198-200° (dec.); [a]^  51.7° (c 2.0, acetone); n.m.r. data (p.p.m. from 
tetramethylsilane): 6 77.5, 77.1, and 76.6 (CDCI3, internal standard), 
103.1 (C-2'), 101.4, 99.6 (isopropylidene resonances), 90.9 (C-1), 82.5, 
78.6, 73.2, 71.4, 71.3, 71.2, 71.0, 65.9, 63.5, and 61.7 (not specifically 
assigned). 
3',4',6'-Tri-O-t-butyldimethylsilyl-1',2:4,6-di-O-isopropylidene-
sucrose (3) 
Compound 1 (15 g) was dissolved in 150 mL of dimethylformamide; 22 g 
of t-butyldimethylsilyl chloride was added, followed by 22 g of imidazole. 
This solution was stirred overnight at 60°. The dimethylformamide was 
removed using a rotary evaporator equipped with a dry-ice condenser and a 
vacuum pump. Ethyl acetate (250 mL) and water (250 mL) were added to the 
resulting syrup. The organic phase was separated and washed twice with 
250 mL water. Ethyl acetate was removed by rotary evaporation under 
vacuum, yielding compound 2 as a foam. Compound 2 was dissolved in 250 mL 
of tetrahydrofuran (THF), cooled to -30°, and 3 g of LAH was added with 
stirring. The solution was stirred and allowed to come to 25° over a 3 h 
period and then filtered over a glass fiber filter. Water (2 mL) was 
added dropwise to the filtrate, followed by dropwise addition of 2 mL of 
15% NaOH. This solution was filtered and the filtrate was concentrated to 
a syrup which was dissolved in 100 mL of methanol by heating on a steam 
bath. Compound 3 crystallized over a 2 day period. Yield 18.8 g, (86%); 
m.p. 206-209°; [a]Q 9.05° (c 2.0, acetone); n.m.r. data (p.p.m. from 
tetramethylsilane): S 77.5, 77.1, and 76.6 (CDCI3, internal standard), 
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105.1 (C-2'), 101.3, 99.5 (isopropylidene resonances), 91.6 (C-1), 86.3, 
82.6, 80.6, 74.1, 73.3, 70.4, 67.3, 63.5, 63.2, and 62.5 (not specifically 
assigned). 
3' ,4' ,6'-Tri-O-t-butyldimethylsilyl-l' ,2:4,6-di-O-isopropylidene-
3-0-raethanesulfonylsucrose (4) 
Compound 3 (1 g) was dissolved in 6 mL of pyridine and cooled to 0°. 
Methanesulfonyl chloride (0.27 mL) was added with stirring. The solution 
was stirred for 20 h at 25° and then poured into 30 mL of saturated sodium 
bicarbonate. This was extracted with 30 mL of dichloromethane, and the 
organic phase was washed twice with water. The dichloromethane solution 
was concentrated by rotary evaporation under reduced pressure, and the 
resulting syrup was dissolved in 10 mL methanol by heating on a steam 
bath. On standing at 25° overnight, compound 4 crystallized. Yield 0.9 g 
(82%); m.p. 160-162°; [a]^  10.1° (c 2.0, acetone); n.m.r. data (p.p.m. 
from tetramethylsilane) : 6 78.5, 77.1, and 75.7 (CDCI3, internal stan­
dard), 105.5 (C-2'), 101.4, 99.8 (isopropylidene resonances), 92.1 (C-1), 
86.5, 82.7, 80.7 (2 signals superimposed), 71.8, 71.6, 67.5, 63.5 (2 
signals superimposed), and 62.4 (not specifically assigned). 
Treatment of Compound 4 with LAH 
Compound 4 (0.5 g) was dissolved in i mL of THF. This solution was 
added over 10 min to 1 mL of THF containing 0.025 g of LAH. The solution 
was refluxed gently for 18 h, at which time t.l.c. showed the presence of 
compound 3 and no other products, indicating that fission of the methane­
sulfonyl group was occurring rather than reduction^^. 
3' ,4' ,6'-Tri-O-t-butyldimethylsilyl-l' ,2:4,6-di-O-isopropylidene-
3-deoxysucrose (6) 
Compound 3 (8 g) was dissolved in 32 mL of THF, to which was added 
1.12 g of sodium hydride (50% oil emulsion), and 13 mg of imidazole. The 
solution was stirred at 25° for 30 min and then 5.3 mL of carbon disulfide 
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was added. After 1 h, 1.3 mL of methyl iodide was added and allowed to 
react for 1 h, giving compound 5. The solution was poured into 200 mL ice 
water and extracted with 250 mL diethyl ether. The organic phase was 
washed twice with water and dried over calcium sulfate. After filtration, 
the ether was removed by rotary evaporation and the remaining yellow syrup 
was dissolved in 100 mL of toluene. The flask containing this solution 
was purged with nitrogen, and then 4.3 mL of tri-n-butyltin hydride in 
80 mL of toluene was added over a 1 h period. The solution was refluxed 
overnight, and then cooled and washed twice with water (250 mL). The 
toluene was removed by rotary evaporation at reduced pressure, and the 
resulting syrup was dissolved in 5 mL of diethyl ether and applied to a 
silica gel column (3 cm x 20 cm), which was eluted with 3:1 hexane-diethyl 
ether. The fractions containing product were identified by t.l.c., and 
the product was concentrated to a syrup, which crystallized on standing 
for several days. Yield 7.0 g (93%); m.p. 89-91°; [a]^  6.37° (c 2.0, 
acetone); n.m.r. data (p.p.m. from tetramethylsilane): 5 78.5, 77.1, 
and 75.6 (CDCI3, internal standard), 105.1 (C-2'), 100.8, 99.1 (isopro-
pylidene resonances), 91.0 (C-1), 86.2, 82.7, 80.8, 68.8, 68.2, 67.2, 
65.3, 63.7, and 63.0 (not specifically assigned). 
3' ,4',6'-Tri-O-t-butyldimethylsilyl-1',2:4,6-di-O-isopropylidene-
allosucrose (7) 
Compound 3  (9 g) was dissolved in 18 mL of dichloromethane and added 
to a mixture of chromium trioxide (3 g) and pyridine (4.8 raL) in 90 mL of 
dichloromethane with stirring. Immediately 3 mL of acetic anhydride was 
added and the solution was stirred for 20 min at 25°. The solution was 
then poured into 200 mL of diethyl ether and allowed to stand 15 min. It 
was filtered, and the filtrate was washed once with 200 mL saturated 
sodium bicarbonate and then twice with water. The organic phase was 
adsorbed onto 10 g of silica gel by rotary evaporation under reduced 
pressure. This was added to the top of a 3 x 10 cm column of silica gel 
and eluted with diethyl ether. The fractions containing the oxidized 
product were identified by t.l.c., pooled, and concentrated to a syrup, 
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which was dissolved in 60 mL methanol. To this, 0.51 g of sodium boro-
hydride was added. After 30 min at 25°, the methanol was removed by 
rotary evaporation, 90 mL of dichloromethane was added to the remaining 
syrup, and the organic phase was washed three times with 100 mL of water. 
The dichloromethane was removed by rotary evaporation to give compound 7 
as a white foam. Yield 8.4 g (93%); [o]^  18.6° (c 2.0, acetone); 
n.ra.r. data (p.p.m. from tetramethylsilane); 6 78.4, 77.1, and 75.6 
(CDCI3, internal standard), 103.3 (C-2*), 99.6, 97.9 {isopropylidene 
resonances), 90.1 (C-1), 84.6, 80.5, 74.2, 70.3, 67.6, 67.4, 65.4, 63.0, 
61.2, and 57.6 (not specifically assigned). 
3' ,4' ,6'-Tri-0-t-butyldimethylsilyl-3-deoxy-3-fluoro-l' ,2:4,6-di-O-
i sopropylidenesucros e (8) 
Compound 7 (4 g) was dissolved in 20 mL pyridine, to which was added 
1.25 mL of diethylaminosulfur trifluoride at 25°. After 1 h, the solution 
was poured into 80 mL of saturated sodium bicarbonate and extracted with 
dichloromethane. The organic phase was washed twice with water and 
concentrated under reduced pressure to a syrup, which was dissolved in 
methanol by heating on a steam bath. This solution was held at -20° for 
48 h. The resulting crystals contained three compounds, which were 
resolved by silica gel column chromatography (2.5 x 60 cm), using a linear 
gradient (2 L) of 0 to 10% ethyl acetate in hexane. Compound 8, eluted 
last, was detected by t.l.c. and crystallized from methanol. Yield 1.0 g 
(25%); m.p. 168-170°; [0]^  8.82° (c 2.0, acetone); n.m.r. data (p.p.m. 
from tetramethylsilane): S 78.5, 77.1, and 75.6 (CDCI3, internal stan­
dard), 105.1 (C-2'), 101.4, 99.6 (isopropylidene resonances), 92.3 (C-1), 
91.0 (C-3, d, Jc-3,F-3 = 187 Hz), 86.4, 82.6, 80.6, 72.7, 72.0, 67.4, 
63.5, 62.7, and 62.4 (not specifically assigned). 
3-Deoxysucrose (9) 
Compound 6 (5 g) was dissolved in 120 mL acetonitrile, and 0.4 g of 
tetrabutylammonium chloride and 5.8 g of potassium fluoride dihydrate was 
added22. The solution was kept at 70°. After 3 days, t.l.c. (aceto-
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nitrile) showed only one product. The solvent was removed by rotary 
evaporation to give a syrup, to which was added 15 mL THF, 20 mL acetic 
acid, and 10 mL water. This solution was kept at 20° for 18 h, at which 
time t.l.c. showed one major product moving ahead of fructose, as well as 
traces of faster products (probably 0-isopropylidene sugars) and fructose. 
The solution was concentrated under reduced pressure to a syrup by rotary 
evaporation with a dry-ice condenser. Water (50 mL) was added and removed 
by rotary evaporation. The mixture of products was resolved by silica gel 
chromatography (3 x 30 cm), using 500 mL 90% acetonitrlie-water followed 
by 500 mL 80% acetonitrile-water. Fractions containing compound 9 were 
pooled, concentrated, and dissolved in 5 mL water. The solution was 
filtered and concentrated to a syrup, 25 mL of ethanol was added, and the 
solution was concentrated to a foam. Yield 2 g (92%); m.p. 185° (dec.); 
[a]jj 47.0° (c 1.33, water); n.m.r. data (p.p.m. from tetramethyl-
silane): 6 50.0 (methanol, internal standard), 104.7 (C-2'), 92.0 (C-1), 
82.4 (C-5'), 77.6 (C-3'), 75.1 (C-4'), 74.2 (C-5), 67.2 and 65.0 (C-4 and 
C-2, not specifically assigned), 63.4 (C-6'), 61.3 (C-6), and 35.1 (C-3). 
Anal. Calc. for ^ 5^ 2^ 22*^ 10' H, 7.08. Found: C, 43.45; H, 
6.91. 
Allosucrose (10) 
Compound 7 (2 g) was deprotected as described above for preparing 
compound 9, except that the silica gel column was eluted with a linear 
gradient (1 L) of 90% to 70% acetonitrile in water. Yield 0.4 g (44%); 
m.p. 178° (dec.); [a]^  54.4° (c 1.67, water); ^ C^ n.m.r. data (p.p.m. from 
tetramethylsilane): 5 50.0 (methanol, internal standard), 105.0 (C-2'), 
93.1 (C-1), 82.6 (C-5'), 77.6 (C-3'), 74.9 (C-4'), 72.2, 68.9, 67.8, 66.8 
(Unassigned), 63.2 (C-6'), 62.6 (C-1'), and 61.4 (C-6). 
Anal. Calc. for ^ 2^ 2^ 22^ 11* 2^.11; H, 6.43. Found: C, 41.53; H, 
6.49. 
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3-Deoxy-3-fluorosucrose (11) 
Compound 8 (1 g) was deprotected as described for preparing compound 
9, except that the acid hydrolysis step was carried out at 25° and the 
silica gel column was eluted with a linear gradient (IL) of 100% to 85% 
acetonitrile in water. Yield 0.4 g (89%); m.p. 175° (dec.); [a]^  58.2° (c 
3.0, water); n.m.r. data (p.p.m. from tetramethylsilane): 6 50.0 
(methanol, internal standard), 104.9 (C-2'), 95.7 (C-3, d, Jc-3,F-3 ~ 
Hz), 93.5 (C-1, d, Jc-l,F-3 = Hz), 82.6 (C-5'), 77.5 (C-3'), 75.1 
(C-4'), 73.0 (C-5, d, Jc-5,F-3 = ^  Hz), 70.7 (C-2 or C-4, d, Jc^ p_3 = 18 
Hz), 68.7 (C-2 or C-4, d, Jc,F-3 = 19 Hz), 63.4 (C-6'), 62.6 (C-1'), and 
60.9 (C-6); l^ F n.m.r. data (p.p.m. from trichlorofluoromethane): 198.534 
(dt, Jh_3^ p_3 = 55 Hz, = Jh-2,F-3 " Hz). 
Anal. Calc. for ^ 2^ 2^ 21010^ ' 41.86; H, 6.10; F, 5.52. Found: C, 
40.35; H, 6.35; F, 4.66. 
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ABSTRACT 
Sucrose derivatives modified at position six (6-deoxysucrose, 6-thio-
sucrose, 6,6'-dithiodisucrose, and 6,6'-dideoxy-6,6'-difluorosucrose) were 
tested as inhibitors of the two Streptococcus autans 6715 glucosyltrans-
ferases. 6-Deoxysucrose was the best inhibitor studied, competitively 
inhibiting the solubl-e-glucan forming enzyme (GTF-S) and the insoluble-
glucan forming enzyme (GTF-I) with values, one order of magnitude lower 
than the sucrose values. 5-Thiosucrose was also a competitive inhibi­
tor for both enzymes. 6,6'-Dithiodisucrose and 6,6'-dideoxy-6,6'-di-
fluorosucrose only inhibited GTF-I; 6,6'-dithiodisucrose gave mixed inhi­
bition and 6,6'-dideoxy-6,6'-difluorosucrose gave uncompetitive inhibi­
tion. 6-Thiosucrose was a substrate for both enzymes to produce acceptor 
products when acceptors were present. GTF-I synthesized de novo a water-
insoluble, 6-thio-a-(l-»3)-D-glucan from 6-thiosucrose. 
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INTRODUCTION 
Various strains of oral Streptococci produce glucosyltransferases 
which utilize sucrose as a glucosyl donor in the production of soluble and 
insoluble glucans^ . The importance of these enzymes and the glucans they 
produce in the development of dental caries has made them the subject of 
many studies^ -^ . we have been particularly interested in studies on 
inhibitors and alternate substrates for these enzymes because of the 
information on the catalytic site obtained from these studies and also the 
possibility of the development of anti-caries agents^ . 
Inhibitors for these enzymes come in many forms, such as: lipotei-
choic acids, which are competitive inhibitors of both the insoluble and 
the soluble glucan forming glucosyltransferases, GTF-I and GTF-S, respec­
tively^ ; mutastein, a protein isolated from Aspergillus terreus, which 
inhibits GTF-I^ ; ribocitrin, an oligosaccharide consisting of three ribose 
residues and citric acid, which acts as a noncompetitive inhibitor of 
dextransucrase^ '^ ; and xanthene dyes, including methylene blue, rose 
bengal, and eosin yellowish, which appear to be competitive inhibi-
tors^ Ofll. More conventional inhibitors of these enzymes include nojiri-
mycin, 1-deoxynojirimycin, acarbosel^ ,13^  and ascorbic acidic. Several 
sucrose analogs have also been tried, including 6,6'-dideoxysucrose^^, 
which was reported not to be an inhibitor; 6,6'-diamino-6,6'-dideoxy-
sucrose; and 6-amino-6-deoxysucrose^ .^ 
Various sugars have been investigated as possible glycosyl donors for 
these enzymes. Early work showed that partially methylated sucrose would 
not act as a donorSince then, several glucosyl donors have been 
reported, including a-D-glucopyranosyl fluoride^ ,^18^  a-D-glucopyranosyl 
a-L-sorbofuranoside^ ,^ 4^ -0-B-D-galactopyranosylsucrose20, various gluco-
oligosaccharides^ i, and p-nitrophenyl a-D-glucopyranoside22. All of the 
above compounds transfer a glucosyl unit to the enzyme. Because a-D-glu-
cosyl fluoride will substitute for sucrose as a D-glucosyl donor, several 
other a-glycosyl fluorides have been tested as donors, including 2-deoxy-
D-ara£»ino-hexopyranosyl fluoride, a-D-allopyranosyl fluoride, and 6-deoxy-
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a-D-glucopyranosyl fluoride. None of these compounds acted as a glycosyl 
donorlS. A more extensive study of glycosyl fluorides, including the a-
and B-fluorides of several sugars, showed that only a-D-glucopyranosyl 
fluoride was able to donate a glycosyl unit to the glucosyltransferase, 
and that most of the a-anomers were competitive inhibitors, while the 
B-anomers and free sugars were noncompetitive inhibitors23. 
Recently, we have synthesized 6,6'-dideoxy-6,6'-difluoro-sucrose24, 
6-deoxysucrose, and 6-thiosucrose25 to test as possible inhibitors and/or 
glycosyl donors for the glucosyltransferases. In this paper, we report 
kinetic studies on these sucrose analogs with both GTF-I and GTF-S from 
Streptococcus mutans 6715, and the formation of 6-thio-a-(l->3)-D-glucan by 
the reaction of GTF-I with 6-thiosucrose, 
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EXPERIMENTAL 
Enzymes 
Streptococcus mutans 6715 was grown on the medium described by Ciardi 
et al26. After removal of cells, and concentration using a Millipore 
Pellicon filtration system, the glucansucrases were eluted from a Bio-Gel 
A-15m column^ ?. Two glucansucrases (GTF-S and GTF-I) were separated by 
ion-exchange chromatography on DEAE-cellulose^ S in 20 mM sodium phosphate 
buffer, pH 6.8, containing 0.02% sodium azide, using a gradient of 0 to 
0.2M sodium chloride. Further purification of the glucansucrases was 
accomplished by a second ion-exchange chromatography step^  ^using DEAE-
Bio-Gel A with the same phosphate buffer and a 0 to 0.2 M sodium chloride 
gradient. Final purification of each enzyme was accomplished by affinity 
chromatography on Sephadex 6-50^ 9. 
Glucansucrase activity, determined by a radiochemical assay using 
[U_14c]sucrose30, is given in International Units (lU), i.e., uBol of 
D-glucose incorporated per min into D-glucan at pH 5.2 and 31°, in the 
presence of 3.3 mg dextran T-lO/mL. The specific activity of purified 
GTF-S was 50+7 lU/mg protein, and that of GTF-I was 87+7 lU/mg protein. 
GTF-S contained 57 wg of carbohydrate per mg protein. 
Carbohydrates 
[U-l'^ C]sucrose was obtained from Schwarz/Mann (Cambridge, MA). 
6-Thiosucrose, 6,6'-dithiodisucrose, and 6-deoxysucrose were prepared by 
the method of Binder and Robyt^ .^ 6,6'-Dideoxy-6,6'-difluorosucrose was 
prepared by the method of Zikopoulos et al.2'5 Dextran T-2000 was obtained 
from Pharmacia Fine Chemicals, Uppsala, Sweden. 
[U-l'^ C]6-thiosucrose was prepared using 0.23 mg of [U-^ '^ C]sucrose 
(200 wCi) as the starting material. The labeled sucrose was dissolved in 
1 mL dimethylformamide, to which was added 2 mg of p-toluenesulfonic acid 
and 0.45 mL of 2,2-dimethoxypropane. This was allowed to react for 45 
minutes and was then deionized with Rexyn R.G. 6 (OH) anion exchange 
resin, filtered, and concentrated in vacuo to 0.1 volume. Next, 1 mL 
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pyridine and 0.15 mL benzoyl chloride were added at 0°, and the mixture 
was allowed to stand at 20° overnight. Unlabeled 4,6-isopropylidene-
sucrose hexabenzoate25 (loo mg) in 1 mL of methylene chloride was then 
added, and the solution was washed twice with a saturated sodium bicarbo­
nate solution and once with water. The solvent was evaporated, and the 
resulting foam was dissolved in 5 mL of hot ethanol and then placed at 
-20® for 2 h. The crystals that formed were collected by filtration and 
dissolved in 0.25 mL of methylene chloride. To this solution, 3 mL of 
diethyl ether was added, followed by slow addition of 5 mL hexane with 
stirring. Pure 4,6-isopropylidenesucrose hexabenzoate crystallized from 
this solution. The synthesis of [U-1^ C]6-thiosucrose from this point was 
carried out as previously reported for 6-thiosucrose25. The final yield 
of label in 6-thiosucrose was 2.3%, giving a specific activity of 
0.13 mCi/mmol. 
Chromatography 
Thin-layer chromatography (t.l.c.) was performed on Whatman K5F 
0,25-mm silica gel plates (Whatman Chemical Separations, Clifton, NJ). 
Chromatograms were developed by one ascent in acetonitrile-water, 3:1 
(v/v), and detection was by spraying with 20% sulfuric acid in methanol 
and charring at 110® for 10 min. 
Gel filtration chromatography of glycans was carried out using a Bio-
Gel P-10 column (1 x 18 cm), equilibrated and eluted with formamide. 
Fractions of 0.5 mL were collected. 
Enzyme Digest Conditions 
All digests were conducted at 37° in 50 mM sodium acetate buffer, pH 
5.2, containing 0.01% sodium azide. 1,4-Dithiothreitol was added to 
digests containing 6-thiosucrose to prevent its oxidation to the disul­
fide, 6,6'-dithiodisucrose. 
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Preparation and Characterization of Reaction Products 
To 30 uL of 100 mM 6-deoxysucrose was added 30 yL of one of the 
following: buffer, 100 mM sucrose, or 100 mM maltose. To each of these 
solutions was added 30 pL of GTF-S (0.10 lU), or 15 uL of GTF-I (0.08 lU). 
After 3 h, aliquots of the digest containing sucrose were spotted on 
t.l.c. plates, and after 23 h, aliquots from the other digests were 
spotted. Similar experiments were carried out for 6-thiosucrose, but with 
addition of 20 mM 1,4-dithiothreitol. Digests containing 6-thiosucrose 
and GTF-I, with and without added maltose, were sampled over a period of 
23 hrs and analyzed by t.l.c. 
6-Thiosucrose (0.5 g in 8 mL) was reacted with GTF-I (1.3 lU in 
0.25 mL) in buffer containing 80 mM 1,4-dithiothreitol. After five days, 
another 1.3 lU of GTF-I was added, and after an additional four days, the 
insoluble product was collected by centrifugation, washed twice with DgO, 
and dissolved in 2 mL of pyridine. A l^ C-nuclear magnetic resonance 
(n.m.r.) spectrum of the product was obtained using a JEOL FX-90Q Fourier-
transform n.m.r. spectrometer, at 22.5 MHz, with proton decoupling, and a 
sample temperature of 80®. Field-frequency locking was provided by 
residual D2O in the sample. The product was recovered from the pyridine 
solution by precipitation with water. The yield was 75 mg. 
The insoluble product resulting from the reaction of GTF-I with 
6-thiosucrose was analyzed by gel filtration. The sample was prepared by 
adding 0.52 lU GTF-I (in 0.1 mL) to 0.25 mL of 24 mM 1,4-dithiothreitol in 
buffer, containing 17 umol of [U-^ C^]6-thiosucrose (1.8 x 10^  cpm). After 
24 h, the insoluble product was collected by centrifugation, dissolved in 
0.2 mL of formamide, and applied to a Bio-Gel P-10 column equilibrated 
with formamide. Fractions were assayed for by heterogeneous scin­
tillation counting in toluene cocktail of aliquots dried onto Whatman 3MM 
filter paper squares. 
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Kinetics of Insoluble Product Formation 
from 6-Thiosucrose by GTF-I 
To 80 vL of GTF-I (1.7 lU/mL) was added 80 uL of 60 mM 1,4-dithio-
threitol containing 6 mg/mL T-2000 dextran. This mixture was allowed to 
incubate for 5 min, at which time 80 uL of 50 mM 6-thiosucrose was added. 
Aliquo t s  o f  2 5  uL, t a k e n  a t  vari o u s  t i m e s ,  w e r e  sp o t t e d  o n t o  I x  1cm 
squares of Whatman 3MM filter paper. These papers were washed with five 
changes of methanol to remove methanol-soluble label, followed by liquid 
scintillation counting^ O to determine formation of methanol-insoluble 
product. A similar experiment was performed using 50 mM [U-l'^ C]sucrose to 
follow a-(l-*3)-glucan formation; in this experiment, the GTF-I concentra­
tion was one-third that used with 6-thiosucrose. 
Inhibition Kinetics 
To test the ability of the modified sucroses to inhibit glucan forma­
tion by GTF-I and GTF-S, a series of 0.15-mL enzyme digests were prepared, 
all containing [U-l^ C]sucrose (3.33 to 16.7 mM), and dextran T-2000 
(2 mg/mL). One of four inhibitors was present in each digest, at the 
specified concentrations: 6-deoxysucrose, 0.20-1.5 mM; 6-thiosucrose, 2-15 
mM (these digests also contained 10 mM 1,4-dithiothreitol); 6,6'-dideoxy-
6,6'-difluorosucrose, 6.7 to 21.9 mM; or 6,6'-dithiodisucrose, 6.7 to 
21.9 mM. 
In addition, the water-insoluble product produced by GTF-I reaction 
with 6-thiosucrose was tested as an inhibitor of GTF-I reaction with 
sucrose; insoluble-product concentration was 0.077 to 0.191 mg/mL, and 
these digests contained 10 mM 1,4-dithiothreitol. 
These inhibition digests contained 7 mlU of GTF-S or 5 mlU of GTF-I. 
Incorporation of into methanol-insoluble product was determined by 
scintillation counting, as described above^ ®. The concentrations of 
1,4-dithiothreitol used in the kinetic analysis had no significant effect 
on either the or of these enzymes. 
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RESULTS 
Figure 1 shows a thin-layer chromatogram of the action of GTF-I and 
GTF-S on two different modified sucroses, 6-deoxysucrose and 6-thiosu-
crose, under one of the following conditions; in the presence of maltose, 
which is an acceptor^ in the presence of sucrose; or in the presence of 
buffer only. 6-Deoxysucrose was not acted upon by either enzyme under any 
of the digest conditions, and almost totally inhibited glucosyltransferase 
action on sucrose. The 6-thioglucosyl moiety of 6-thiosucrose was trans­
ferred to maltose by both GTF-I and GTF-S, to give a homologous series of 
acceptor products with the release of fructose. GTF-I produces an accep­
tor product with higher mobility than maltose, which is probably 6-thio-
glucosyl-a-(l-»3')-maltose. We postulate that the first acceptor product 
of GTF-S in the presence of maltose is 6-thioglucosyl-a-(1+6')-maltose, 
which may have the same t.l.c. mobility as maltose21,31. in the absence 
of maltose, only GTF-I is able to utilize 6-thiosucrose, to release 
fructose and form a product which remains at the origin. 6-Thiosucrose 
did not totally inhibit the utilization of sucrose by either enzyme. In 
fact, GTF-I was able to digest all of the sucrose. 
In the presence of an acceptor, GTF-I is able to act on 6-thiosucrose 
rapidly (see Fig. 1). Therefore, time courses of this reaction in the 
presence and absence of maltose were investigated using t.l.c. (see Fig. 
2). In the presence of maltose, all of the 6-thiosucrose is consumed in 
nine hours, whereas in the absence of maltose, some 6-thiosucrose is still 
present after 23 hours of reaction, and an insoluble product is present in 
the reaction mixture. In addition, the insoluble product formed by GTF-I 
action on 6-thiosucrose fails to appear in the presence of maltose. 
A ^^ C-n.ra.r. spectrum of the GTF-I water-insoluble product formed 
from 6-thiosucrose is shown in Fig. 3. Five resonances (A through E) 
correspond well with the resonances of carbons 1 through 5 of an a-{l-+3)-
1inked glucan^ Z, even though the solvent used for this n.m.r. spectrum was 
pyridine, and the thiol group has some effect on ring carbon chemical 
shifts. Peak F is the resonance of carbon 6, linked to the sulfur. The 
Figure 1. Thin-layer chromatography of the action of glucosyltransferases 
in the presence of the following sugars: A, 6-deoxysucrose; B, 
6-deoxysucrose and maltose; C, 6-thiosucrose; D, 6-thiosucrose 
and maltose; E, 6-deoxysucrose and sucrose; F, 6-thiosucrose 
and sucrose. Left half of the plate shows the action of Strep­
tococcus nutans 6715 GTF-I; right half of the plate shows the 
action of Streptococcus mutana 6715 GTF-S. 3 yL of each 
mixture was spotted at 3 h for those digests that contained 
sucrose and at 23 h for the others. The plate was developed 
with one ascent in acetonitrile-water 3:1 (v/v). when aliquots 
of the digests containing 6-thiosucrose were dried on the TLC 
plate, air oxidation of this compound gave rise to 6,6'-dithio-
disucrose, which co-migrated with maltose 
Figure 2. Thin-layer chromatogram of the products from the action of 
Streptococcus mutans 6715 GTF-I on 6-thiosucrose in the 
presence of maltose, left half of the plate, and in the absence 
of any added acceptor, right half of the plate. Time points 
were taken at 0, 4, 9, 15, 20, and 23 h. Three wL of each 
mixture was chromatographed for one ascent in acetonitrile-
water 3:1 (v/v). The spot in the no-maltose tracks with the 
same as maltose is the disulfide of 6-thiosucrose (see 
Fig. 1) 
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Figure 3. l^ c-n.m.r. spectrum of the insoluble-glycan product of Streptococcus mutans 6715 
GTF-I reaction with 6-thiosucrose. Resonances (in ppm from tetramethylsllane) are as 
follows: Pi, 100.2; B, 81.8; C, 72.1; D, 71.6; E, 71.2; and F, 25.7. Minor resonances 
are due to 6-thiosucrose. The sample was dissolved in pyridine, which served as an 
internal standard; sample concentration was 37 mg/mL and the temperature was 80° 
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minor resonances are due to traces of 6-thiosucrose. The product is 
soluble in dimethylformamide, dimethylsulfoxide, and forraamide, whereas 
mutan, the a-(l-»3)-glucan produced by GTF-I action on sucrose, is not. 
The Bio-Gel P-10 elution profile of the ^ '^ C-labeled, insoluble 
product of GTF-I action on 6-thiosucrose is shown in Fig. 4. The polysac­
charide formed in the digest (peaks A and B) has a broadly distributed 
molecular weight. Peak A has a molecular weight of at least 20,000, peak 
B has an intermediate molecular weight, and peak C, at the included 
volume, is due to unreacted I'^ C-labeled 6-thiosucrose. To minimize forma­
tion of cross-linked disulfides, no attempt was made to remove unreacted 
6-thiosucrose before gel filtration. 
Since 6-thiosucrose is a substrate for polymerization by GTF-I, we 
attempted to follow the kinetics of insoluble product formation. Figure 5 
shows the progress of insoluble product formation from sucrose and from 
6-thiosucrose under identical conditions, except that the GTF-I concentra­
tion in the sucrose digest was one-third that in the 6-thiosucrose digest. 
The nonlinear initial velocities observed for 6-thiosucrose prevented 
initial-rate kinetic analysis. 
To obtain the kinetic parameters for the various modified sucroses 
reacting with GTF-I and GTF-S, we tested them as inhibitors of glucan 
formation from sucrose. Figures 6A-D are a set of double reciprocal plots 
for GTF-I in the presence of the following inhibitors; 6-thiosucrose, 
6-deoxysucrose, 6,6'-dithiodisucrose, and 6,6'-dideoxy-6,6'-difluoro-
sucrose. 6-Thiosucrose and 6-deoxysucrose both were competitive inhi­
bitors, whereas 6,6'-dithiodisucrose gave mixed competitive inhibition, 
and 6,6'-dideoxy-6,6'-difluorosucrose gave uncompetitive inhibition. 
Figure 7A shows the inhibition of GTF-S by 6-thiosucrose, and Fig. 7B, 
inhibition by 6-deoxysucrose. 6,6'-Dithiodisucrose and 6,6'-dideoxy-
6,6'-difluorosucrose did not appear to inhibit glucan formation by GTF-S, 
but did affect GTF-I. The insoluble product from GTF-I action on 6-thio-
sucrose did not inhibit glucan formation by GTF-I. 
Table I gives the inhibition constants (Kj) and the type of inhibi­
tion for the various sucrose derivatives. 6-Deoxysucrose is the best 
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Figure 4. Bio-Gel P-10 elution profile of the insoluble product produced by Streptococcus 
mutans 6715 GTF-I reaction with [U-^ C^]6-thiosucrose. Column size was 1 x 18 cm, 
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Figure 5. Progress curve of insoluble product formation from sucrose (—V—-), or 
[U-l^ C]6-thiosucrose (—«^ —) by the action of Streptococcus mutans 6715 GTF-I. 
Enzyme concentration in the sucrose mixture was one-third that in the 6-thiosucrose 
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A, 6-deoxysucrose 
B, 6-thiosucrose 
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Table I. Kinetic constants of modified sucroses on Streptococcus mtans 
6715 D-glucosyltransferases^  
Compound GTF-S GTF-I 
Kinetic 
constant 
(mM) 
Type of 
inhibition 
Kinetic 
constant 
(mM) 
Type of 
inhibition 
Sucrose (K^ ) 5.0 ± 1.5 3.7 ± 1.2 
6-Deoxysucrose = 0.56 competitive Kj^  = 0.18 competitive 
6-Thiosucrose Kj = 7.3 competitive K^  = 3.4 competitive 
6,6'-Dithio- —— not an K^  = 8.0 mixed 
disucrose inhibitor K^ ' = 62 
6,6'-Dideoxy- ——— not an K^  = 10 uncompeti­
6,6'-difluoro- inhibitor tive 
sucrose 
I^nhibition constants were determined from slope and intercept 
replots of Lineweaver-Burk plots. 
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inhibitor for both enzymes, followed in effectiveness by 6-thiosucrose. 
6,6'-Dithiodisucrose and 6,6'-dideoxy-e,6'-difluorosucrose were inhibitors 
only for GTF-I. 
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DISCUSSION 
Recently, various substrates have been reported for the glucan-
sucrases of Leuconostoc and Streptococcus^ ,^18-22. an of these substrates 
have an unmodified glucosyl residue, which is transferred by the 
enzyme. Modified glucosyl residues have not been reported to be trans-
ferredl5-l'7,23, e^ have found, however, that of the sucrose derivatives 
we tested, 6-thiosucrose acts as a glycosyl donor in acceptor reactions of 
both glucansucrases of Streptococcus mutans 6715 as well as the dextransu-
crase of Leuconostoc mesenteroides B-512F (data not shown), but that only 
the insoluble-glucan forming enzyme (GTF-I) of Streptococcus mutans is 
able to use 6-thiosucrose for de novo synthesis of a modified glycan. 
l^ c-n.m.r. results (Fig. 3) suggest that this product is an a-(l-»3)-linked 
6-thioglucan. 
Donation of 6-thioglucose to maltose acceptor by GTF-I is much faster 
than the formation of 6-thioglucan from 6-thiosucrose (Fig. 1). The 
acceptor products of this reaction were not identified, but by analogy 
with the acceptor reactions of these enzymes with sucrose and maltose 
(references 21 and 31, and some of our unpublished studies with GTF-I), 
the first maltose acceptor product is probably 6"-thiopanose for GTF-S and 
6-thioglucosyl-a-(l-»3')-maltose for GTF-I, and that successive 6-thio-
glucosyl residues are probably transferred to the hydroxyl of carbon 3 of 
the nonreducing 6-thioglucosyl residue. 
The nonlinearity of the rate of polymer formation (Fig. 5) suggests 
product inhibition. We tested the insoluble product as an inhibitor of 
a-(l-*3)-glucan formation from sucrose by GTF-I; no inhibition was observed 
(data not shown). One possible explanation for the nonlinear initial 
velocity of product formation from 6-thiosucrose is that early in the 
reaction, 6-thioglucosyl residues are rapidly transferred to the added 
acceptor dextran^ f^34. later, when this acceptor is exhausted, only the 
slow formation of the insoluble product is observed. This slow polymer­
ization should occur by insertion of 6-thioglycosyl residues at the 
reducing end of an enzyme-linked ô-thioglucan^ '^^ .^ 
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Among the 6-modifîecl sucrose analogs tested as glucansucrase sub­
strates, 6-thiosucrose is unique in its ability to donate a modified glu-
cosyl residue^ S,16,23. one possible explanation is that glycosyl transfer 
by the enzyme requires that the substituent on position 6 furnish a proton 
for a hydrogen bond to the enzyme. 6-Deoxysucrose and 6,6'-dideoxy-
6,6'-difluorosucrose may fail to act as substrates for GTF-I for this 
reason. 6,6'-Diamino-6,6'-diueoxysucrosel^  at pH 5.2 should be a good 
proton donor, but its positive charge may prevent productive binding by 
the enzyme, thus leading to the observed uncompetitive inhibition. 
Although a proton donating group at carbon 6 may be required for 
glucosyl transfer by the enzyme, it certainly is not required for binding 
at the active site. Table I shows that 6-deoxysucrose is the most effec­
tive inhibitor among the compounds tested, for both GTF-I and GTF-S, and 
its inhibition was competitive. This is surprising, since 6,6'-dideoxy-
sucrose has been reported not to inhibit a glucosyltransferase from 5. 
mutans^ S, although no data were given. The inhibition constant of 6-thio­
sucrose, on the other hand, is close to the Michaelis constant for 
sucrose, and it also acted as a competitive inhibitor. 
The disulfide of 6-thiosucrose was a poor inhibitor for GTF-I and did 
not inhibit GTF-S at all (data not shown). The lack of inhibition of 
GTF-S by this compound may be due to steric hindrance of binding at the 
active site. The weak mixed inhibition of GTF-I may result from a slight 
affinity for both the sucrose binding site and for some other binding site 
on the enzyme, such as an acceptor binding site. 
6,6'-Dideoxy-6,6'-difluorosucrose was proposed to be a good substrate 
analog for dextransucrases because fluorine has been used as a hydroxyl 
analog in that it has similar electronegativity and can act as a hydrogen-
bond acceptor^ .^ Unfortunately, 6,6'-dideoxy-6,6'-difluorosucrose does 
not appear to inhibit GTF-S (data not shown), and is a weak uncompetitive 
inhibitor of GTF-I. Uncompetitive inhibition of a mixture of glucansu-
crases from S. nutans 6715 has also been reported for 6,6'-diaraino-
6,6'-dideoxysucrose, although no data were givenl^ . 
It is apparent that the substrate requirements of S. mtans gluco-
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syltransferases allow much more substitution on the fructosyl moiety of 
sucrose than on the glucosyl moietyl5,18,21,22. Substitutions on the 
glucosyl moiety, other than the replacement of the 6-hydroxyl by a thiol 
group, have so far resulted in the loss of the ability to act as a 
glucosyl donor, but not necessarily the ability to bind at the active site 
and inhibit the enzyme, as was the case with 6-deoxysucrose. 
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ABSTRACT 
Three new sucrose analogs modified at carbon-3 have been studied as 
inhibitors and substrates for the glucosyltransferases (glucansucrases) of 
Streptococcus mutans 6715. Although none of the analogs were found to be 
substrates for polymer synthesis with either the soluble polysaccharide 
producing enzyme, GTF-S, or the insoluble polysaccharide producing enzyme, 
GTF-I, 3-deoxysucrose and 3-deoxy-3-fluorosucrose were able to donate 
glycosyl residues for acceptor reactions with both enzymes. Modification 
at carbon-3 considerably reduced the binding at the active site of both 
enzymes since all of the analogs had inhibition constants at least one 
order of magnitude greater than the for sucrose. 
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INTRODUCTION 
We have been synthesizing sucrose analogs^ "^  to investigate the 
effect the modifications have on the ability of the analogs to inhibit or 
act as substrates for the glucosyltransferases produced by Streptococcus 
wutans^ . Much of the early work in this area was done with naturally, 
occurring oligosaccharides based on sucrose, such as planteose^  or en-
zymatically synthesized molecules such as a-D-galactopyranosyl-6-D-fruc-
tofuranoside^  or a-D-xylopyranosyl-8-D-fructofuranoside^ . None of these 
were substrates for the enzyme, leading workers to assume that dextran-
sucrases belong to a category of sucrases whose specificity is determined 
by both the glucosyl and fructosyl moieties of the substrate^ . After the 
discovery that 0-B-D-galactopyranosyl-(1-^ 4)-6-D-fructofuranosyl-a-D-gluco-
pyranoside^  and a-D-glucopyranosyl fluoride®'^  are substrates (glucosyl 
donors) for these glucosyltransferases, it became apparent that the major 
requirement for glycosyl donors is the a-D-glucopyranosyl moiety of su­
crose. With the finding that a-D-glucopyranosyl fluoride is a substrate 
for these enzymes, it became relatively easy to make substrate analogs by 
synthesizing glycosyl fluorides^ l^O. Although some of the glycosyl fluor­
ides were shown to be inhibitors^ none were found to act as substrates 
for either acceptor reactions or polymerization reactions. 
To test this high specificity for the a-D-glucopyranosyl residue by 
the glucosyltransferases, we developed selective methods for modification 
at C-6 and C-3 of sucrose^ '^ . Because the glucans synthesized by the 
glucosyltransf erases have a(l->6) and a(-»3) linkages, we postulated that 
modifications at carbons 3 and 5 should have the greatest effect as 
inhibitors. We have previosly tested the C-6 analogs as inhibitors and 
substrates for the soluble-polysaccharide producing enzyme (GTF-S) and the 
insoluble-polysaccharide producing enzyme (GTF-I), the two enzymes syn­
thesized by Streptococcus mutans 6715 and found that 6-deoxy-6-thio-
sucrose were competitive inhibitors for both GTF-S and GTF-I and that 
6-deoxy-6-thio-sucrose was a substrate for GTF-I to give 6-thio-a(l-»3)-
D-glucan^ . We report here on the results obtained using 3-deoxysucrose 
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and 3-deoxy-3-fluorosucrose and a-D-allopyranosyl-B-D-fructofuranoside 
(allosucrose) as inhibitors and glucosyl donors in acceptor reactions for 
these two glucosyltransferases. 
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EXPERIMENTAL 
Enzymes 
GTF-I and GTF-S were prepared as previously described^ . Glucan-
sucrase activity was determined as incorporation of label from su­
crose into methanol-insoluble polymer, as previously described^' 2^ g^ d is 
given in International Units (lU), i.e., umoles of D-glucose incorporated 
into glucan per min at pH 5.2 and 25°. 
Carbohydrates 
[U-l^ C]sucrose was obtained from Schwarz-Mann (Cambridge, MA). 
3-Deoxy-sucrose, 3-deoxy-3-fluorosucrose, and allosucrose were prepared by 
the methods of Binder and Robyt^ . Dextran T-IG was obtained from 
Pharmacia Fine Chemicals (Uppsala, Sweden). 
Chromatography 
Thin-layer chromatography (t.l.c.) was performed on Whatman K5F 
0.25-mm silica gel plates (Whatman Chemical Separations, Clifton, NJ). 
Chromatograms were developed by three ascents in acetonitrile-water 9:1 
(v/v) followed by two ascents in acetonitrile-water 17:3 (v/v); carbo­
hydrates were detected by spraying with 20% sulfuric acid in methanol and 
charring at 110° for 10 rain. 
High performance liquid chromatography (h.p.l.c.) was performed using 
a Waters Associates ALC/GPC-201 liquid chromatograph and a Whatman Parti-
sil M9/50 polar amino cyano column (9 mm x 50 cm), at 4 MPa pump pressure. 
The eluant was 70% acetonitrile in water, with a flow rate of 2.8 mL/min; 
detection was by refractive index. 
Enzyme Digest Conditions 
All digests were conducted at 37° in 50mM sodium acetate buffer, 
pH 5.2, containing 0.02% sodium azide. 
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Preparation and Characterization of Reaction Products 
To 30 yL of 300 mM 3-deoxysucrose was added either 30 uL of buffer or 
30 yL of 300 mM maltose. Reaction was initiated by the addition of 30 uL 
of GTF-S (0.10 lU) or GTF-I (0.05 lU). After 24 h, aliquots from each of 
the digests were spotted on t.l.c. plates. Similar experiments were 
carried out for 3-deoxy-3-fluorosucrose and allosucrose, except that they 
were allowed to incubate for 48 h before aliquots were spotted. 
3-Deoxysucrose (200 mg) was added to 5 mL of buffer containing .050 g 
of maltose followed by the addition of 1 mL of GTF-S (3.2 lU). This mix­
ture was allowed to incubate at 37° for 7 days at which time t.l.c. showed 
most of the 3-deoxysucrose had been converted to D-fructose and acceptor 
products. The sample was concentrated to a syrup, dissolved in 1 mL of 
water, filtered, and the acceptor products were isolated by h.p.l.c. The 
fractions containing the tetrasaccharide were pooled, concentrated to 
dryness under reduced pressure, and dissolved in 1 mL of D2O. The 
nuclear magnetic resonance (n.m.r.) spectrum was recorded with a Nicolet 
NT-300 spectrometer in the Fourier-transform, proton decoupled mode. 
Inhibition Kinetics 
A series of 0.18 ml digests were prepared containing 5.0 mM [U-^ C^] 
sucrose, 7.0 mlU of GTF-S or 2.0 mlU of GTF-I, and one of the following: 
no inhibitor, 109 mM 3-deoxysucrose, 101 mM allosucrose, or 97.0 mM 
3-deoxy-3-fluorosucrose. At various times, 25 uL aliquots were removed 
and spotted on 1.5 X 1.5 cm pieces of Whatman 3MM filter paper. These 
papers were washed with five changes of methanol to remove methanol 
soluble label, followed by liquid scintillation counting to determine 
formation of methanol insoluble product^ .^ Initial velocities of poly­
saccharide formation were calculated and used to determine the percent 
inhibition caused by each inhibitor. 
To determine kinetic constants for the sucrose analogs, a series of 
0.12 mL enzyme digests were prepared, all containing [U-l^ C]sucrose (3.33 
to 16.7 mM) and dextran T-10 (2 mg/mL). Each GTF-I digest contained 2 mlU 
of enzyme and one of three inhibitors at the specified concentration: 
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3-deoxysucrose, 109 mM and 55 mM; 3-deoxy-3-fluorosucrose, 92 mM and 
46 mM; allosucrose, 101 mM and 51 mM. For GTF-S, digests contained 7 mlU 
of enzyme, 109 mM or 55 mM 3-deoxy-3-fluoro-sucrose (the only inhibitor 
whose kinetic constants were determined), and [U-^ C^]sucrose concentra­
tions as given above. Incorporation of into methanol-insoluble poly­
saccharide was determined by liquid scintillation counting, as described 
above. 
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RESULTS 
To test if any of the sucrose analogs were substrates for the en­
zymes, a series of digests containing either GTF-I or GTF-S, and one of 
the sucrose analogs, were prepared, in the presence or absence of maltose. 
Of the three sucrose analogs tested, only allosucrose failed to act as a 
D-glycosyl donor to maltose. A t.l.c of the results obtained with 3-deoxy 
and 3-deoxy-3-fluorosucrose is shown in Fig. 1. As can be seen in Fig. 1 
(columns A, B, F, and G), neither 3-deoxy-sucrose nor 3-deoxy-3-fluoro-
sucrose reacted to form polysaccharide, although a slight amount of 
hydrolysis of 3-deoxysucrose is indicated by the presence of fructose in 
those digests (column F and G)• In the presence of maltose, 3-deoxysu­
crose and 3-deoxy-3-fluorosucrose react to give acceptor products with 
both GTF-I and GTF-S (C, D, H, and I of Fig. 1). Qualitatively, 3-deoxy­
sucrose is a better glycosyl donor than 3-deoxy-3-fluorosucrose, since 
more D-fructose was released in 24 h in its digest than was released in 
48 h in the 3-deoxy-3-fluorosucrose digest (compare columns H and I with 
columns C and D of Fig. 1). The structures of the acceptor products were 
tenatively identified by t.l.c. mobility and the products obtained when 
sucrose is used as the glycosyl donor^ 2,13,14_ Based on this, GTF-S 
reacts with 3-deoxysucrose in the presence of maltose to give a series of 
two a(l->6)-linked acceptor products, a trisaccharide, 6^ -(ct-D-3-deoxyglu-
copyranosyl)-maltose (A Fig. 2) and a tetrasaccharide, 62-(a-D-3,32-di-
deoxyisomaltosyl)-maltose (B Fig. 2). GTF-I gives these same products 
along with a product with a higher mobility, which probably is an a(l-»3)-
1inked acceptor product, 3^ -(a-D-3-deoxyglucopyranosyl)-maltose (C 
Fig. 2). 
3-Deoxy-3-fluorosucrose reacted with maltose and GTF-S to give one 
acceptor product, (D.P. 3', column C Fig. 1), which is probably 
62-(a-D-3-deoxy-3-fluoroglucopyranosyl)-maltose (D Fig. 2); GTF-I gave 
this same product as well as one with a higher mobility ([D.P. 3, column D 
Fig. 1), which is the corresponding ct-( 1-^ 3)-linked acceptor product, 
3(a-D-3-deoxy-3-fluoroglucopyranosyl)-maltose (E Fig. 2). 
Figure 1. T.I.e. of the action of Streptococcus mutans 6715 glucosyltransferases on 3-deoxy-
3-fluoro and 3-deoxysucrose; 
(A) GTF-S and 3-deoxy-3-fluorosucrose; 
(B) GTF-I and 3-deoxy-3-fluorosucrose; 
(C) GTF-S and 3-deoxy-3-fluorosucrose in the presence of maltose; 
(D) GTF-I and 3-deoxy-3-fluorosucrose in the presence of maltose; 
(E) 3-deoxy-3-fluorosucrose and maltose standards; 
(F-I) same series of reactions as (A-D) except that 3-deoxysucrose was used 
instead of 3-deoxy-3-fluorosucrose; 
(J) 3-deoxysucrose and maltose standards 

Figure 2. Proposed structures for the maltose acceptor products of 3-deoxysucrose and 3-deoxy-
3-fluorosucrose reacting with GTF-I and GTF-S. 
(A) D.P. 3''" of columns H and I of Fig. 1 is 6^ -(a-D-3-deoxyglucopyranosyl)-
maltose; 
(B) D.P. 4 of columns H and I of Fig. 1 is 6^ -(a-D-3,3^ -dideoxy-isomaltosyl)-
maltose; 
(C) D.P. 3'' of column I of Fig. 1 is 33-(a-D-3-deoxyglucopyranosyl)-maltose; 
(D) D.P. 3' of columns C and D of Fig. 1 is 6^ -(a-D-3-deoxy-3-fluorogluco-
pyranosyl)-maltose; 
(E) D.P. 3 of column D of Fig. 1 is 32-(a-D-3-deoxy-3-fluoro-glucopyranosyl)-
maltose 
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To confirm the proposed structures of the acceptor products, we 
isolated the tetrasaccharide, (D.P. 4. columns H and I of Fig. 1), by high 
performance liquid chromatography and obtained its n.m.r. spectrum 
(Fig. 3); the chemical shifts are given in Table I. There are five 
anomeric carbon resonances (100.8, 98.0, 97.6, 96.8, and 93.0 p.p.m.) and 
only one of them is above 100 ppm, which corresponds to the a(l-*4) linkage 
in maltose. The resonances at 98.0 and 97.6 ppm correspond to a(l-»6) 
linkages and the two less intense resonances at 96.8 and 93.0 ppm are from 
the reducing end C-1 which is present in both the a and 6 configura-
tions^ S. At the other end of the spectrum, only three resonances (61.9, 
61.8, and 61.6 p.p.m.) are present and correspond to free hydroxymethyl 
carbons. The resonance at 61.6 ppm is from the C-6 at the non-reducing 
end, and the two less intense resonances at 61.8, and 61.9 ppm are from 
the C-6 of the a and 6 anomers at the reducing end^ .^ These results 
indicate that there are two a(l-»6) linkages and one a(l-»4) linkage 
present, confirming the structure of B proposed in Fig. 2. 
Table II gives the kinetic constants we obtained for the three C-3 
sucrose analogs as well as the results from our earlier study of the C-6 
sucrose analogs^  for comparison. Only 3-deoxy-3-fluorosucrose inhibited 
GTF-S and, therefore, only its Kj was determined. All three of the C-3 
sucrose analogs inhibited GTF-I to some extent and gave mixed-type 
inhibition. 
1 1—I—j—I—' T—T—j—I 1—I—I P7 / j I 1—1 I I 1—I 1 1 i 1 I I : I I I ' I J j—I—I 1—I > 1 1—r—I 1 [—r-
100 go 80 75 ppm 60 40 
Figure 3. l^c-n.m.r. spectrum of the tetrasaccharide acceptor product produced by the action of 
GTF-S on 6-deoxysucrose in the presence of maltose. [Sample concentration 20mg/ml; 
methanol internal standard] 
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Table I. 13c_n.ni.r. data^  (75.5 MHZ) for tetrasaccharide acceptor 
product 
Signal P.p.m. Intensity Identification^  
1 100.8 181 B, C-1 
2 98.0 288 C, C-1 
3 97.6 246 D, C-1 
4 96.8 196 A, C-16 
5 93.0 116 A, C-la 
6 78.6 98 A, C-4a 
7 78.4 154 A, C-46 
8 77.2 171 A, C-36 
9 75.7 178 A, C-5B 
10 75.1 166 
11 74.2 288 
12 73.6 292 
13 72.8 106 
14 72.7 167 
15 72.4 253 Resonances not assigned 
16 72.4 135 
17 72.2 273 
18 71.2 111 
19 70.6 206 
20 67.6 312 
21 67.6 271 
22 66.8 200 
23 66.5 211 
24 65.2 466 
25 61.9 144 A, C-6a 
26 61.8 114 A, C-68 
27 61.6 261 D, C-6 
28 50.0 94 (Methanol standard) 
29 35.9 113 C or D, C-3 
30 35.6 138 D or C, C-3 
C^hemical shifts measured in D2O, with methanol as internal 
reference. 
refers to the reducing end glycosyl residue with the other 
residues assigned, in order from the reducing end, alphabetically-
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Table II. Kinetic constants for sucrose analogs^  
Inhibitor, Glycosyl % Inhibition'^  Inhibition constants (mM) 
concentration donor and type of inhibition 
GTF-S GTF-I GTF-S GTF-I 
3-Deoxysucrose, 
109 mM 
+ 13 51 36.4, 305 
mixed 
3-Deoxy-3-fluoro-
sucrose, 92 mM 
+ 40 45 60.7 
comp. 
40.5, 153 
mixed 
Aliosucrose, 
101 mM 
- 8 36 139, 222 
mixed 
5-Deoxysucrose, 
1.5 mM 
- 67 84 0.18 
comp. 
0.56 
comp. 
6-Thiosucrose, 
15 mM 
+ 50 62 7.3 
comp. 
3.4 
comp. 
6,6'-dideoxy-
6,6'-difluoro-
- 0 55 — 10 
uncomp. 
sucrose (21.9 mM) 
S^ucrose values^ : GTF-S, 5.0 mM; GTF-I, 3.7 mM. 
I^nhibition at stated concentration, with 5 mM sucrose. 
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DISCUSSION 
The t.I.e. (Fig. 1) of the reactions of the C-3 modified sucroses 
show that modification at carbon-3 does not prohibit glycosyltransferase 
activity since acceptor products are formed from 3-deoxysucrose and 
3-deoxy-3-fluorosucrose in the presence of maltose. 3-Deoxysucrose 
appears to be a better substrate for acceptor reactions than 3-deoxy-
3-fluorosucrose since more products were formed from it in 24 h than were 
formed with the fluoro analog under the same conditions in 48 h. This was 
unexpected ^because they both have similar Kj values for GTF-I (Table 2), 
and only the fluoro derivitive appears to inhibit GTF-S. A possible 
explanation for this may be that there is some stablization of the acetal-
ketal bond of sucrose by the presence of the fluoro group on carbon-3 
since, in the synthesis of these three analogs^ , we found that the fluoro 
analog appeared to be the most stable to mild acid hydrolysis (data not 
shown). 
The maltose acceptor products apparently have the same structures as 
those produced when sucrose is used as the glycosyl donor^ '^l'^ . 
analysis of the tetrasaccharide acceptor product, confirmed its structure 
as B and further confirms that the four trisaccharide acceptor products 
are A, C, D, and E in Fig. 2. The tetrasaccharide appears to be a termi­
nal acceptor product for both glucosyltransferases as no higher saccha­
rides were formed. This is unusual because when sucrose is used as the 
glycosyl donor with maltose as the acceptor, a series of acceptor products 
is produced down to at least an octasaccharide^ .^ The fact that B is a 
terminal acceptor product indicates that it is no longer productively 
bound by either GTF-I or GTF-S for acceptor reactions because of its 
3-deoxy-modified terminal D-glycosyl residue. 
Because both 3-deoxysucrose and 3-deoxy-3-fluorosucrose were able to 
participate in acceptor reactions, we expected them to be fairly good 
competitive inhibitors of the glucosyltransferases. The data of Table II 
show this not to be the result. GTF-S was inhibited only by 3-deoxy-
3-fluorosucrose and its Kj was 60.7 mM, tenfold greater than the for 
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sucrose. This suggests that the hydroxyl on carbon three is important for 
binding at the active site. The fact that 3-deoxysucrose inhibited GTF-S 
even less than 3-deoxy-3-fluorosucrose may also indicate the fluoro group 
is acting as a hydrogen bond acceptor at the active site. 
GTF-I was slightly inhibited by all three C-3 sucrose analogs and the 
inhibition was of a mixed type. The Kj values, ranged from 36.4 to 139 mM 
while the Kjj values were all greater than ISOmM. These inhibition con­
stants are much higher than the for sucrose with 3-deoxysucrose and 
3-deoxy-3-fluorosucrose having similar Kj values. The mixed inhibition 
observed may be caused by the sucrose analogs binding in more than one way 
at the active site at high concentrations. A further suggestion of this 
comes from reports with Leuconostoc^ '^^ '^  and Streptococcus^  ^glucosyl-
transferases of inhibition by sucrose at concentrations ranging from 50 to 
200 mM which has been relieved by adding acceptors 
Modification at carbon-3 decreased binding of the sucrose analogs to 
GTF-S and GTF-I, whereas in our earlier study'^ , deoxy- or thio-modifica-
tions at carbon-6 gave inhibitors that were either bound better or equal 
to the binding of sucrose. The comparison of the binding of C-3 modified 
analogs with the C-6 modified analogs would further suggest that the 
hydroxyl group at carbon-3 plays an important role in the binding of 
sucrose at the active site. The fact that all of the C-3 sucrose analogs 
inhibited GTF-I to a greater extent than GTF-S probably is related to the 
type of polysaccharide each synthesizes. GTF-I synthesizes an a(l-»3) 
linked glucan and can only utilize the C-3 hydroxyl as a hydrogen bond 
donor since the carbon-3 oxygen must act as a nucleophile in the polymer­
ization mechanism20-22^  while GTF-S, which synthesizes an a(l-»6) glucan, 
can utilize the hydroxyl group at carbon-3 for binding as both a hydrogen 
bond donor and acceptor. The fact that both 3-deoxysucrose and 3-deoxy-
3-fluorosucrose have similar Kj values for GTF-I would also support this 
since neither analog has a hydrogen to donate for hydrogen bonding while 
with GTF-S, only the fluoro derivative can act as a hydrogen bond acceptor 
which may expain why it is the best C-3 sucrose analog inhibitor for this 
enzyme. 
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In the earlier study by Grier and Mayer^ ,^ with D-glycopyranosyl 
fluorides, the only sucrose analogs they studied that correspond to our 
C-3 and C-6 sucrose analogs, were a-D-6-deoxyglucopyranosyl and a-D-allo-
pyranosyl fluoride which were not found to be glycosyl donors for gluco-
syltransferases. We have found that 6-deoxysucrose'^  and allosucrose were 
not able to donate glycosyl residues which agree with their results on the 
glucosyltransferases specificity, but we have shown that 6-deoxy-6-thio-
sucrose'^ , 3-deoxysucrose and 3-deoxy-3-fluorosucrose are able to donate 
glycosyl residues in acceptor reactions with maltose. A comparable glyco­
syl fluoride study with C-3 and 6 modified a-D-glucopyranosyl fluoride, 
has not been done so it is not known if any glycosyl fluoride other than 
a-D-glucopyranosyl fluoride will act as a glycosyl donor for GTF-I and 
GTF-S. 
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GENERAL DISCUSSION 
The discovery that PNPG was a substrate for the glucosyltransferases 
of Leuconostoc and Streptococcus bacteria indicated that these enzymes are 
able to utilize D-glucosyl donors other than sucrose^  and a-D-glucopyran-
osyl fluoride^ Of^ l. The fact that PNPG reacted much more slowly than 
sucrose with all of the enzymes tested may indicate that the p-nitrophenyl 
group affects binding at the active site. PNPG also gave unusual kinetic 
results because, unlike sucrose, it acted as both a glucosyl donor and a 
glucosyl acceptor, producing a series of a(l-»6) linked acceptor products 
as well as glucan. 
The acceptor products obtained from the reaction with PNPG provided 
us with new model substrates for these enzymes. For instance, we thought 
that para-nitrophenyl-a-D-isomaltotrioside might react with the glucosyl­
transferases in the same way that PNPG did to give the release of para-ni-
trophenol and an enzyme-isomaltotriosyl intermediate. Such a reaction 
would have fit in with the reducing end synthesis model proposed by Robyt 
et al.l® On testing for this type of reaction, we only observed the trans­
fer of single glucosyl residues from the non-reducing end of the oligosac­
charides. This led us to study the disproportionation reactions catalyzed 
by these enzymes and provided us with some new information about their 
acceptor binding sites. 
Over two decades ago, Neely observed that the glucosyltransferases 
had active sites that were flexible or nonspecific enough to bind to and 
catalyze the transfer of glucosyl units from molecules other than sucrose 
at elevated temperatures^ .^ This flexibility of binding extends to accep­
tor molecules as well. Over 26 different sugars have been studied as 
acceptorsl2 including D-glucose^ ®, a-Me-D-glucopyranoside^ , D-mannose'^ ^^  
D-galactose'^^, isomaltose^^, maltose'^^, celloblose^'^, and lactose^Be­
cause of the structural differences between the above sugars, they have 
differing activity as acceptors and are also bound differently by the 
enzymes, as judged by the structures of the resulting acceptor products. 
D-Glucose and a-Me-D-glucopyranosIde have the glucopyranosyl residues 
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added to their carbon-6 hydroxyls. Isomaltose and maltose have it trans­
ferred to the carbon-6 hydroxyl of their non-reducing glucosyl residues. 
D-Mannose and D-galactose bind in an orientation that produces non-
reducing disaccharides similar to sucrose, a-D-glucopyranosyl-B-D-manno-
pyranoside and a-D-glucopyranosyl-a-D-galactofuranoside, respectively. 
Cellobiose and lactose have glucopyranosyl residues transferred to their 
carbon-2 hydroxyls of their reducing end glucosyl residues. This ability 
to bind a wide variety of D-glucopyranosyl donors and acceptors, some of 
which are bound in the same orientation as the fructosyl moiety, mannose 
and galactose, respectively, indicates that at the active site the sucrose 
fructofuranosyl and the acceptor binding sites overlap. 
In the reducing-end model for the synthesis of polysaccharide, 
branching reactions, and acceptor reactions^ "^^  ^(Fig. i), little was 
known about the sucrose or acceptor binding sites and their relationship 
to one another. The model can now be expanded to show these sites. Each 
of the nucleophilic groups on the enzyme probably has an acceptor/sucrose 
binding site. Fig. 2A shows polymerization reactions; Fig. 2B, acceptor 
reactions; and Fig. 2C, disproportionation reactions. Fig. 3D shows 
branching reactions. There is some question of whether both pathways are 
used in scheme C of Fig. 3 because we do not know if both acceptor binding 
sites are used for the reactions. The 5 subsites proposed in the model of 
Fig. 2 come from a study by McCabe and Hamelik^ S of what appears to have 
been disproportionation. In this study, is was found that the velocity of 
d i sproport ionat ion increased with the size of the isomaltooligosaccharides 
up to isomaltopentaose and then leveled off. This leads to the conclusion 
that the pentasaccharide filled all of the binding subsites. Sucrose 
binds with its D-fructofuranosyl moiety in subsite 4 and the a-glucopyran-
osyl moiety in subsite 5 (Fig. 2A). There is no evidence to indicate that 
the binding sites extend beyond subsite 5 since if it did, one would 
expect to see di sproport ionat ion reactions of more than single glucosyl 
residues. 
A last reaction catalyzed by the glucosyltransferases is the forma­
tion of branches onto the main chain glucans they synthesize. These 
Figure 1. Scheme A: the reducing end polymerization mechanism of 
glucosyltransferases. 
Scheme B: the non-reducing end receptor reaction with 
isomaltose. 
Scheme C: the reaction of acceptor dextran acting as an 
acceptor to form branches. 
 ^is a reducing glucose unit; « or o is a glucose; — is an 
a-(l->6) glucosidic linkage and t is an a-(1-^ 3) branch linkage; 
is a sucrose molecule; and Xg represent nucleophiles at 
the active site. 
Taken from Robyt et 
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Figure 2. Scheme A: the polymerization reaction catalyzed by 
glucosyltransferases. 
Scheme B: the non-reducing end acceptor reaction with 
isomaltotetraose acting as the acceptor. 
Scheme C; the disproportionation reaction catalyzed by 
glucosyltransferases with isomaltotriose. 
-V is an glucosidic linkage. 
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reactions appear to be identical to acceptor reactions and studies have 
shown that single glucosyl residues as well as glucans are transferred to 
form branches^ '^a study by G. Walkeron the formation of a(l->3) 
linked branches onto purified oligosaccharides indicates that the orienta­
tion of the binding of the oligosaccharide acting as the branch acceptor 
must be different than that in non-reducing end acceptor and dispropor-
tionation reaction previously described. In this study, it was found that 
branching occurred when the isomaltooligosaccharides degree of polymer­
ization, d.p., was seven or greater and the branches were added onto the 
penultimate glucosyl residue of the reducing end. Since with our dispro-
portionation and acceptor reaction studies, the reducing end glucosyl 
residues are bound relatively far away from the site where glucosyl 
residues are transferred, branching reactions must occur with the acceptor 
bound in some other conformation than with non-reducing end acceptor 
reactions. With the model we have proposed (see Fig. 3), it is possible 
that branching acceptor oligosaccharides may bind in an opposite orienta­
tion so that their reducing ends would be at the site of transfer both 
because subsites 1 through 4 appear to have considerable flexibility in 
the binding of acceptors, and as seen in Fig. 4, the flexibility of the 
a(l-»6) linkage of isomaltodextrins allows the individual glucosyl residues 
to assume similar conformations in both orientations. 
The final part of our studies on the substrate binding sites of 
glucosyltransferases was to determine the specificity of subsite 1 for 
û-D-glucopyranosyl residues. By preparing sucrose analogs modified at 
carbon-3 and carbon-6, we hoped to determine how important the hydroxyls 
at these two positions were for substrate binding and catalysis. 
The carbon-6 hydroxyl appears to be very important for catalysis but 
not for binding of the substrate. 6-Deoxysucrose was the best inhibitor 
found for the glucosyltransferases of Strepococcus nutans 6715 with a Kj 
one order of magnitude lower than the for sucrose, which would indicate 
that the hydroxyl at this position was not necessary for binding the 
substrate. On the other hand, of those analogs studied with modification 
at carbon-6, only 6-thiosucrose was a substrate which would indicate that 
*~^ Glucosyl unit 
*~(|^ Reducing glucosyl unit 
Sucrose 
Fructosyl unit 
Figure 3. Branching reaction catalyzed by glucosyltransferases. 
is an a-(1+6) glucosidic linkage. 
is an a-(1+3) glucosidic linkage. 
Reducing end 
Reducing end 
Figure 4. Stereochemical drawing of isomaltotriose in opposite orientation, 
indicates hydroxyl residues. 
indicates oxygen involved in acetal linkages. 
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some interaction must take place at this position for glycosyl donation. 
The carbon-3 modified analogs were found to be just the opposite. 
Both 3-deoxysucrose and 3-deoxy-3-fluorosucrose were glycosyl donors 
indicating that the hydroxyl at this position is not needed for catalytic 
activity. The Kj values for the carbon-3 analogs were at least one order 
of magnitude greater than the of sucrose, which indicates that unlike 
the carbon-6 analogs, the carbon-3 hydroxyl group probably plays an 
important role in substrate binding. 
Our studies and those of others^ ,^44,55,58 indicate that the sucrose 
binding site and acceptor binding sites on these enzymes overlap to form a 
series of subsites, five for S. autan 6715, which interact in acceptor and 
polymerization reactions (Fig. 2). It is very likely that the differences 
one sees in the polysaccharides synthesized by the glucosyltransferases 
can be related back to the acceptor subsites on the enzymes. How effi­
ciently the subsites bind acceptor substrates could well determine how 
large the linear glucans synthesized by the reducing end polymerization 
mechanism will get before an acceptor reaction occurs either to form a 
branch linkage or a non-reducing end acceptor product. Future studies on 
these enzymes should be designed to determine the differences between the 
acceptor binding sites of different glucosyltransferases such as Leuco-
nostoc wesenteroides B512F and GTF-S from Streptococcus wutans 6715 which 
differ in both the size of polymer produced and the degree of branching. 
Such studies could lead to a better understanding of how these enzymes, 
which both synthesize polymer by the reducing end mechanism^ O'^ ,^ produce 
such different polysaccharides. 
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APPENDIX 
n.m.r. Spectra of Sucrose Analogs Synthesized 
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